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KICKOFF MEETING SUMMARY - TASK 1 CH2MHILL 

Greater New Haven Water Pollution Control 
Authority 

Hydraulic Modeling Update 

ATTENDEES: 

COPIES: 

Brian Gackstatter / NJO 
Bill McMillin/NJO 
Jim Howey/ PHT. 
John Torre/NHV 
John Rickermann/NHV 
David Archard, ADS 

Michael Domenica/BOS 
Tony Parolari/BOS 
Peter Keefe/CLE 

FROM: William E. McMillin, Jr., P.Il. 

DATE: March 27, 2007 

PROJECT NUMBER: 350590.WW.07.01 

George Elaro, ADS 
Dominick Di Gangi, GNHWPCA 
Charlie Biggs, GNHWPCA 
Tom Sgroi, GNHWPCA 
Gary Zrelak, GNHWPCA 

Rita Fordiani/BOS 
Perrin Niemann/DEN 

A kickoff meeting was held on March 27, 2007 at the Greater New Haven Water Pollution 
Control Authority's East Shore Water Pollution Abatement Facility (WPAF) to initiate a 
Hydraulic Modeling Update project. 

The agenda for the meeting was as follows: 

1. Introductions and Project History 
2. Project Summary and Objectives 
3. Project Schedule 
4. Task 2 - Model Update - Project List 
5. Task 3 - Monitoring Program 
6. Task 4 - Revise and Re-verify the Model 
7. Task 5 - Run Model Scenarios 

Introductions and Project History 
Brian Gackstatter made introduction for all in attendance that included representatives of 
Greater New Haven Water Pollution Control Authority (GNHWPCA), OMI, CH2M HILL 
and ADS. CH2M HILL will be leading the Hydraulic Modeling Update project. ADS will 
be perfomring flow metering in the GNHWPCA collection system. 

David Archard provided a brief history of ADS, past work for the GNHWPCA and changes 
that have been made at ADS since then, and its current capabilities and commitment to thf> 
GNHWPCA. 
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Rrian Gackstatter then described the project history. The project is a recommended action of 
the ongoing project for Preliminary Engineering for the Wet Weather Capacity 
Improvements at the East Shore WPAF. A hydraulic model was previously developed by 
CH2M HILL for the GNHWPCA' s long-term CSO control planning effort. The model was 
recovered for the Wet Weather Capacity Improvements project and used to characterize 
current hydraulic conditions in the collection system for performing preliminary 
engineering of pump stations and the WP AF. The model then was used to evaluate 
preliminary engineering alternatives using the two-year design storm in the GNHWPCA' s 
Short and Long Term Control Plan (STCP, LTCP). 

Many elements of the STCP and at least one element of the LTCP (Truman Tank) have been 
implemented since the model was constructed and calibraleu. 1 Therefore, CH2M HILL 
recommended that the hydraulic model be updated by collecting new collection system and 
WPAF dutu to verify that the model is representative of existing conditions and 
performance. 

Project team roles are as follows: 

• Mike Domenica (Client Service Manager) 
• Brian Gackstatter (Project Manager) 
• Bill McMillin (Task Leader and Senior QC of I Iydraulics) 
• Tony Parolari (Hydraulic Modeling) 
• Peter Keefe (Senior QC of Flow Monitoring) 
• Perrin Niemann (Hydraulic Modeling Consultant/Historian) 
• Rita Fordiani, Peter von Zweck (Senior Consultants/Hislorians) 
• David Archard (Flow Metering Contractor Lead) 
• George Elaro (Flow Metering Contractor - P'ield Manager) 

Notes from the meeting are as follows: 

Project Summary and Objectives 
The project has for primary objectives as follows: 

1. Update the Model to Reflect 2007 Conditions 
2. Conduct a Flow Monitoring Program 
3. Revise and Re-verify the Model 
4. Run Model Scenarios 

Information and data will be collected from the GNHWPCA and OMI to establish existing 
conditions in the collection system and at the WPAF. The hydmulic model was originally 
constructed using as-built plans and other information on conveyance, regulators, tide 
gates, pump stations, siphons, WPAF headwords and other system components. 
Information will also be gathered to identify the implementation status of STCP and LTCP 
elements. The information will be compiled to update the model and assure that it is 
representative of existing conditions. 

1 STCP and LTCP elements are documented in CH2M Hill's lechmcal Memorandum #14, Long-Term CSO Control Plan. 
Final Report (April 2001} 
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A flow monitoring program will be conducted throughout the collection system to observe 
dry and wet weather flow for a period of at least six weeks. Details of the program will be 
described below. 

Hydraulic elevation and velocity data collected during the flow monitoring program will be 
used to validate the hydraulic model. If model calculations adequately reproduce 
observations, the model will be deemed representative of existing conditions. Model 
paramt!lers may need to be adjusted considering the changes made to the system since the 
model was originally calibrated. 

Model simulations will then be performed using the two-year design storm to characterize 
existing conditions to prepare for preliminary engineering work. 

Project Schedule 
The project schedule is shown in Table 1. 

TABLE 1 
Project Schedule: Hydraulic Model Database Updates and Results Verification 

Task 

Task 1 - Kick-off Meeting and Project Workshop 

Task 2 - Hydraulic Model Improvements 

Task 3 - Short-term Flow Monitoring Program 

Task 4 - Model Performance Evaluation 

Task 5 - Long-term and Extreme FvAnt Simulation 

Schedule 

March 2007 

412107 - 5/18/2007 

4/16/2007 - 5/25/2007 

5/23/2007 - 6/1/2007 

6/1/2007 - 6/15/2007 

The project was originally scheduled to s tart a t the beginning of March. Task 3 flow 
monitoring will most likely begin at the middle to end of April. Flow monitoring may be 
extended if insufficient rainfall is experienced during the scheduled period . ADS will be 
able to extend their activities with short notice. 

Task 2 - Model Update - Project List 
A list of projects planned for implementation was developed from the STCP. CH2M HILL 
intends to integrate completed projects into the hydraulic model. The project list and status, 
is as follows: 

1. Livingston St, Phase I and II - completed 
2. Orange St Phase II - completed 
3. Orange, Bishop, and Ointon - completed 
4. Lombard St East - ongoing? 
5. Wooster Square -completed 
6. Humphrey St - completed 
7. Kimberly AvenuP. and Columbus- completed 
8. Elm Haven - Phase I and II completed ? 
9. Truman Tank- modifications 
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F.xact status of thPsP projt>cts will be verified at a later date. Tony Parolari will meet with the 
GNHWPCA and OMI to review details on the projects. 

Other Data Needs: 

• Cross Connections - Most likely not implemented, need to verify. 
• Overflow (OF)-002 Oosure - Outfall buried by property owner. Discharge most likely 

obstructed. Dominick Di Gangi gave instructions to seal the overflow. 
• Reduce CSO at OF-008 (weir adjusbnent). OF-010 (seal), Portsea/ Liberty (seal}, OF-015 

(add stop logs) - Most likely not implemented, need to verify. 
• Barnes and Ouinnipiac Pump Stations - Overflows closed. 
• OF-018 - Overflow closed by sewer separation. 

Monitoring Program 
The flow monitoring program will be of a short duration including site investigations, meter 
installation, data collection, and mater removal. Flow monitoring will be execult!u by 
installing water depth and velocity monitoring devices in the collection system. Flow 
monitoring is also being conducted concurrently by COM around the Union Street Pump 
Station, which will be available to CH2M HILL. The preliminary list of monitoring locations 
is shown in Table 2. 

TABLE 1 
Preliminary Flow Metering Locations 
Location 

Boulevard Pump Station I OF 024 

Boulevard Interceptor I OF 003 

Boulevard Interceptor I OF 004 

Boulevard Interceptor I OF 005 

l::.ast St 1-'ump Station I OF 021 

Union St Pump Station 

OF010 

OF 011 

OF014 

Humphrey Pump Station 

OF 012 

James St Siphon I OF 015 

Barnes I Quinnipiac Interceptor 

Woodward I Lighthouse I Morris Cove Interceptor 

Total Number of Meters 

NJ0/2007-03-27 NEW HAVEN HYDRAULICS KICKOFF SUMMARY.DOC 

Meters Deployed Data Type 

2 lnte rceptor, overflow 

2 Interceptor, overflow 

2 Interceptor. overflow 

2 Interceptor, overflow 

2 Interceptor, overflow 

Pump Station Effluent 

2 Interceptor, overflow 

2 Interceptor, overflow 

2 Interceptor, overflow 

Pump Station Effluent 

2 overflow 

2 Interceptor, overflow 

Interceptor 

Interceptor 

24 
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Dominick Di Gangi questioned the selection of monitoring locations and expressed his 
concern that all suburban areas are not being monitored, and overflows are not being 
monitored throughout the system, especially in Fair Haven. CH2M HILL will review and 
revise the list to assure that all data quality objectives will be met. 

Additional cunuuenls on the locations: 

• "BQI" will have to be upstream of the current location due to property conditions. 
• Flow monitoring data from recording devices are available from the pump stations in 

several formats including circular charts, on-site meters, and telemetry to the WPAF. 

Provisions for traffic control were not in the project proposal. Traffic control will have to be 
coordinated through the GNHWPCA with the New Ilaven Police Department. 

The data objectives are to develop hydraulic elevation, velocity, and calculated flows 
throughout the collection system for validating the hydraulic model. The goal is to update 
the model to be representative of existing conditions and validate its appropriateness for 
preliminary engineering analyses. 

Data am.I information compiled from the GNHWPCA and OMI for STCP and LTCP 
implementation, other collection system projects and conditions, as well as data collected 
during the flow monitoring program will be submitted to the GNHWPCA. 

Task 4 - Revise and Re-Verify the Model 
This task will be performed once sufficient progress is made in Task 2 and while Task 3 is 
being executed. The model configuration will be updated to represent existing cumlitiuns 
characterized in Task 2. Dry and wet weather calibration periods will be identified from the 
rainfall record of the Task 3 monitoring periutl. TI1e muuel will be validaled compared Lo 
hydraulic elevation observations and flow calculations/ observations for these periods. 

Task 5 - Run Model Scenarios 
At a minimum, a model simulation will be performed of the existing condition using the 
two-year design storm in the LTCP. Additional scenarios may be performed to evaluate 
other conditions identified by the project team that are valuable to preliminary engineering 
and LTCP implementation. 

Actions to be Taken 
• CH2M HILL to provide a list of STCP Projects for GNHWPCA confirmation. 
• CH2M HILL to provide list of data needs to the GNHWPCA including as-builts, flow 

data, etc. required for model update. 
• CH2M HILL to meet with the GNHWPCA and OMI to review details on the project 

implementation. 
• CH2M HILL to review and revise the list of flow monitoring locations to assure that all 

data quality objectives will be met including monitoring of suburban areas, overflows 
and Fair Haven. 

• CH2M HILL to coordinate traffic control for the flow monitoring program through the 
GNHWl'CA with the New Haven Police Department. 
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TECHNICAL MEMORANDUM - TASK 2 CH2M HILL 

Greater New Haven Water Pollution Control Authority 

Wet Weather Capacity Improvements - Hydraulic 
Model Update 

Hydraulic Model Improvements 
PREPARED FOR: 

PREPARED BY: 

DATE: 

PROJECT NUMBER: 

Introduction 

Greater New Haven Water Pollution Control Authority 

CH2M HILL 

April 22, 2008 

350590 

TI1e Grealer New I laven Water Pollution Control Authority ("the Authority") maintains a 
mathematical hydraulic model of its collection system. The model was originally 
constructed and cnlibrated during long-term combined sewer overflow (CSO) control 
planning. The Authority has since used the model to evaluate and finalize engineering 
alternatives while implementing its short- and long-term control plans. With plan 
implementation proceeding, the model was out-of-date with respect to changes that were 
made to the collection system but not simulated in the model. FurthermorP., thP. modP.l wa~ 
intended to be used as a planning-level tool, and is since being used for more precise 
engineering design. Therefore, the Authority is conducting a Hydraulic Model Update task 
to update the model, verify that it accurately represents existing conditions, and to have a 
morP. c.urrent tool for evaluating engineering alternatives. 

The first two actions to be taken in the Hydraulic Model Update task was gathering 
information and updating the model in a Hydraulic Model Improvements subtask. 
Information on short- and long-term control plan implementation was gathered as well as 
any other data or information relative to cullection syslem design and operation. This effort 
yielded information on sewer separation projects, pump station changes, and other 
collection syt;tem modifications that w ere relevan t to model simulations. The physical 
representation of the collection system was then updated in the model. This technical 
memorandum describes the information and data collected as well as the improvements 
made to the hydraulic model. 

Background and Purpose 
During recent modeling activities to support Preliminary Engineering for Wet Weather 
Capacity Improvements, it was found that planning-level hydraulic modeling scenarios 
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previously devPloped to support the Authority's Long-Term Control Plan (LTCP) did not 
include project changes implemented during design and construction phases. Further, the 
level of detail included in the model, although adequate for planning, is not sufficient for 
detailed design of system improvements, including prediction of average and peak wet 
weather flows conveyed to the East Shore Water Pollution Abatement Facility (WPAF). 

Because major capital projects (such as the Wet Weather Capacity Improvements) and their 
associated costs will be based on design information developed using the system model, it is 
imperative that the model be as up-to-date and accurate as possible for use as a planning 
and design tool. The Preliminary Engineering recommendations developed by CH2M HILT. 
are based on the existing planning-level hydraulic model. The finalization of these 
recommendations required the model updates and performance evaluation activities 
described herein to confirm design parameters and the benefits of these recommendations, 
prior to the start of detailed design. 

Description of Collection System Hydraulic Model 
The Authority's collection system hydraulic model was originally developed in 1998 to 
support the CSO LTCP and calibrated as part of the L TCP development. This planning
level model is documented in LTCP Technical Memorandum #3. Sewer plan maps and as
built drawings were used to construct the model. The software used is MOUSE, a DHI 
product. The planning-level model was calibrated using several data sources collected in 
the late 1990s, including: 

• Twelve City boundary meters recording flow, depth, and velocity during 1996 and 1997; 

• Flow data from the Boulevard, East Street, and East Shore Water Pollution Abatement 
Facility (WPAF) pumping stations from July 1996 to June 1997; 

• Rainfall data collected at the East Shore WPAF from 1994to1997 and long-term records 
from the Tweed Airport, Bradley Airport, and Lake Saltonstall U.S. Geological Survey 
stations; 

• A flow metering program conducted in 1997, described in LTCP Technical 
Memorandum #5; and, 

• A block-testing program and sPdimPnt inspection in the Boulevard Interceptor 
conducted in 1999, which led to further calibration and model updates delivered in 
NovemhPr 1999. 

The current model has the following scenarios: 

• 2007 Existing Conditions - represents the collection system as it exists. 

• Long-Term Control Plan (LTCP) Scenario I - rep1·esents the 2007 Existing Conditions 
model with the addition of all the L TCP I recommendations as defined in the Collection 
System Hyd.Iaulic Modeling Report (TM lA- Collection System Hydraulic Modeling, 
April 2008); and · 
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• L TCP Scenario II - represents the LTCP I model with the addition of all the T .TCP IT 
recommendations as defined in the Collection System Hydraulic Modeling Report (TM 
lA- Collection System Hydraulic Modeling, April 2008). 

Purpose and Goals 
The Hydraulic Modeling Update task delivers a planning-level hydraulic model that 
accurately represents current collection system conditions that is appropriate for supporting 
long-tP.rm planning and design of major conveyance projects. The hydraulic model may 
require additional refinement in the future to support detailed catchment studies or facility 
design projects. 111e model updates and performance evaluation were necessary to 
complete Preliminary Engineering of Wet Weather Capacity Improvements. 

The purpose of this hydraulic model im.provements subtask was to update the Authority's 
hydraulic model to reflect 2007 existing conditions in the collection system. The following 
actions wt:re completed as a part of the Hydraulic Modeling U pdatc task: 

• Conducted a short-term, flow-monitoring program; 

• Evaluated model performance to verify that the model reflects current conditions; and, 

• Prepared model scenarios for LTCP planning and design evaluations. 

The goal of the Hydraulic Model Improvements su htask was to prepare an updated 
hydraulic model suitable for continued planning purposes, with the following scenarios: 

• 2007 Existing Conditions; 

• Long-Term Control Plan (I.TCP) Scenario I; and 

• L TCP Scenario II. 

This technical memorandum describes technical work efforts performed in the Hydraulic 
Model Improvements subtask to compile information and physically update the hydraulic 
model to 2007 existing conditions. 

Methodology for Model Updates 
The methodology to update the hydraulic model consisted of several key information and 
data compilation efforts that focused on modifying the planning-level hydraulic model to 
represent existing collection system conditions. A data request was submitted to the 
Authority on April 4, 2007 to request and track the compilation of information on STCP and 
LTCP implementation, other collection system projects, or operational information related 
to collection system performance. This was conducted to define hydraulic model data 
needs. 

30F42 
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The information and data collection effort was focused on collecting the information 
necessary to update the model as follows: 

• Several sewer separation projects performed as part of the Authority's STCP have been 
completed; others are near completion. The locations and characteristics of the 
separation projects were collected and verified by reviewing as-built plans. Similar 
information was collected on field corrections to cross-connections and modifications 
made to combined sewer regulators and overflows. 

• Field verification of pump station equipment and/ or operations and other system 
components was conducted. Pump curves based on differential head were collected or 
developed from manufacturer and field test data. Pump control logic was also 
compiled. Force main fittings, bends, expansions and contractions, and other sources of 
localized energy losses were derived from system as-built drawings. True force main 
profiles and ground surface elevations were developed to facilitate accurate prediction 
of system operating pressures. 

• The Truman Tank was constructed along the Boulevard Interceptor as part of 
implementing the Authority's LTCP. However, the tank was not constructed in the 
location originally recommended in the L TCP due to site constraints. As-built plans and 
contract documents used in design support as well as current operational procedures 
were compiled. 

• Operations at tht! headworks of the WPAF were verified with Authority personnel. 

Data and information compiled for this task was prepared in spreadsheet format to be 
t:umpatible with model import formats. The hydraulic model database and scenarios were 
then revised. A 2007 Existing Condition model was constructed with the updated 
information compiled for drainage areas, conveyance, regulating structures, outfalls, pump 
stations, force mains, storage tanks, WPAF headworks, and other system components that 
affect hydraulics. The overall conceptual elements and CSO control goals of the L TCP arP 

unchanged. 

Existing Model Updates 
The information and data collection effort yielded valuable data on sewer separation 
projects, pump stations, cross connections, CSO regulators and outfalls, and the 
construction and operation of the Truman Tank. Projects or operation changes conducted to 
implement the short- and long-term control plans will affect runoff, convP.yancP, and control 
of dry and wet weather flow, CSOs, and WPAF performance. Therefore, CSO outfalls 
affected by the projects are also noted for reference. The following describes the 
information gathered and modifications made to the model necessary to accurately simulate 
the coltP.ction system. 

Sewer Separation Projects 
A number of sewer separation projects were active (ongoing) at the time of long-term 
control planning, and were integrated as elements of the STCP. Many of these projects_ are 
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completed, some are substantially completed (as-builts pending), and the remaining projects 
have been divided into phases and are partially complete. The following eight sewer 
separation projects were considered active during original model development and/ or were 
listed in the Authority's STCP {CH2M HILL, 2001): 

• Livingston Street Phases I and II (not in STCP), 

• Orange Street Phase II, 

• Orange/ Bishop/ Clinton/ (Middletown), 

• Lombard Street East Phase I, 

• Wooster Square, 

• Kimberly/Columbus North 

• Kimberly/ Columbus South, 

• Humphrey Street (later revised to two projects: North and South), 

• Elm Haven Phases I and II, and 

• Lombard Street East Phase II. 

Exhibit 1 illustrates the project areas and combined sewer outfalls affected by the projects. 
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EXHIBIT 1 
Sewer Separation Project Areas 
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As-built plans and contract documents, GIS data, and the model catchment database were 
used to develop the information necessary to update the hydraulic model and accurately 
simulate completed or ongoing sewer separation projects. The following steps were 
followed to identify the model catchments affected by separation and determine model 
changes necessary to reflect as-built condition'>: 

1. Identify streets and blocks separated in each project using as-builts, etc. 

2. Identify combined sewers that were separated along these streets in the GIS. 

3. Overlay mm.leleu rw1off catchments with separated streets to identify associated 
catchments. 

4. Determine the Areal Reduction Factor (ARF) necessary to accurately represent rainfall
runoff characteristics in the model. 

The ARF was used during the Authority's original LTCP modeling effort to address 
differences between the runoff response from combined, separated, and partially separated 
sewer systems. It represents the "effective" area for each type of sewer system and reflects 
the variation in response. For example, combined sewers do not capture 100% of the rain 
because of surface ponding and direct runoff to receiving waters, while separat~<l areas may 
exhibit a significant response to wet weather due to infiltration and inflow (1/1). Adjusting 
the ARP in the model only changes the effective runoff area, it does not change surface 
runoff characteristics such as percent imperviousness or hydraulic pipes and connections in 
the model. A detailed description of the ARF can be found in the Authority's LTCP 
Technical Memorandum #3 (CH2M HILL, 1998, pp. 88). 

The ARFs used in the Authority's hydraulic model are as follows: 

• Combined (C) - It is assumt!u that approximalely 25% of rainfall is lost to direct runoff 
to waterbodies or in poorly drained areas, so that only 75% of the catchment can be 
consiuered hydraulically effective. 

• Partially Separated (P) - In these areas, construction projects have rerouted runoff from 
streets in storm sewers, but runoff from roofs is still directed in the sanitary sewers. The 
ARF for partially separated catchments is 25%. In some separated catchments, the sewer 
separation project did not address all catch basins in the catchment. An ARF of 50% is 
assigned to these catchments, which are identified as such in the discussion to follow. 

• Separated (S) - For separated areas, the ARF is 10% to allow for a small runoff 
contrihution to sanitary sewers. 

The following describes each sewer separation project and how they are represented in the 
Authority's hyunmlic model update. 

70F42 
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Livingston Street Phases I and II 
Portions of the Livingston Street Phases I and II separation project were ongoing or 
completed at the time of long-term control plcmning. Thi~ prujed diceclly affects combined 
sewer overflows to the Mill River at CSO outfall 012 and 013. The 2007 Existing Conditions, 
L TCP Scenario I, and L TCP Scenario 2 hydraulic model were constructed to reflect the major 
portions already completed. Since as-built drawings or contract documents were not 
available for the project, it is not clear how to determine which areas were actually 
separated by project phases. Therefore, the Authority's GIS database was referenced for 
information regarding the current status of catchments in this area. 

The GIS database yielded information indicating that at least one additional catchment 
(Q08N100) was separated than earlier anticipated for the Livingston Street project when 
long-term control planning was conducted - an area along Cliff Street at the northern border 
of the City of New Haven. Exhibit 2 illustrates the areas anticipated and actually separated 
by the project, and the remaining area along Livingston Street. 

The left panel of Exhibit 2 illustrates the actual condition (combined, partially separated, or 
separated) of each catchmP.nt as represented in the LTCP Study. All of these catchments are 
specified as partially separated with the exception of the combined area along Livingston 
Street, hPtwP.en East Rock Street and Cold Spring Street. 

The right panel of Exhibit 2 illustrates the status of each catchment as represented in the 
most recent GIS database (Applied Geographies, 2007). In this data, the Cliff Street 
catchment is shown as partially separated; whereas the Livingston Street catchment is still 
combined. Therefore, the 2007 Existing Cumlitiuns, LTCP I, and LTCP II hydraulic models 
were updated to represent the Cliff Street catchments as partially separated, with an ARF of 
25%, and the Livingston Slreel calchment as combined. 

Exhibit 3 summarizes the status of each catchment in the Livingston Street Phase I and II 
area, and how it is simulated in the model using modeled effective areas. 
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EXHIBIT 2 
Livingston Street Phases I and II Sewer Separation Project Areas 
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EXHIBIT 3 
Llvinoston Street Phases I and II Sewer Seoaration Prolects Catchment Status and Modeled Areas 

Catchment Status Modeled Effective Area (acres) 

2007 2007 
1997 Existing 1997 Existing 

Catchment Conditions LTCPStudy Conditions Actual Conditions LTCPStudy Conditions 
ID Modal Assumption Model Total Model Assumption Model 

P10N080 c p p 13.9 10.4 3.5 3.5 

Q09N100 c p p 8.2 6.2 2.1 2.1 

Q09N100 c p p 17.5 13.1 4.4 4.4 

Q09N220 c p p 6.9 5.2 1.7 1.7 

Q09N410 c p p 10.8 8.1 2.7 2.7 

Q10N030 c p p 11.2 8.4 2.8 2.8 

Q10N030 c p p 9.6 7.2 2.4 2.4 

Q10N230 c c c 14.4 10.8 10.8 10.8 

Q10N510 c p p 11.3 8.5 2.8 2.8 

Q08N100 c p p 7.8 5.8 1.9 1.9 

Total . . . 111.6 83.7 35.1 35.1 

Note: Catchment status notation describes ARF assignment of C = Combined (75% runoff reduction), P = Partially 
Separated (50% runoff reduction), and S=Separated (10% runoff reduction) in the hydraulic model. 

Orange Street Phase II 
The Orange Slreet Phase II sewer separation project was completed in September 2003. This 
project area is approximately centered on Saint Ronan Street, Lawrence Street, Fo ter Street, 
and Cold Spring Street. The project directly affects combined sewer overflows to the Mill 
River at outfalls 010 and 012. Exhibit 4 illustrates the areas anticipated and actually 
separated for the project. 

Exhibit 4 illustrates how the as-built separated area matches well with that originally 
anticipated - all catchments originally anticipated for separation were partially separated; 
except Edward Street between Prospect Street and Whitney Avenue. Upon further 
inspection of sewer separation as-built drawings, it was found that this street was instead 
partially separated under the Orange/Bishop/Clinton sewer separation project discussed 
below. 

The geographic land area that encompasses the Orange Street project is 174.2 acres; of which 
122.5 acres (approximately 70% of the land area) contribute wet weather flow to the system. 
The LTCP Study modeled effective area following planned sewer separation was to be 
reduced by approximately 64% to 43.6 acres. There is no change to the modeled effective 
area in the 2007 Existing Condition model. Exhibit 5 summarizes the status of each 
catchment in the Orange Street Phase II area, and how it is simulated in the model using 
modeled effective areas. 
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EXHIBIT 5 
Oranae Street Phase II Sewer eoarallon ro1ect s p . c atchment Status and Modeled Areas 

Catchment Status Modeled Effective Area (acres) 

2007 2007 
1997 Existing 1997 Existing 

Catchment Conditions LTCPStudy Conditions Actual Condition• LTCPStudy Conditions 
ID Model Assumption Model Total Model AHumptlon Model 

P12N020 c p p 29.8 22.4 7.5 7.5 

P12N3001 c p p 17.2 12.9 4.3 4.3 

Q10N140 c p p 7.0 5.3 1.8 1.8 

Q11N030 c p p 5.1 3.8 1.3 1.3 

Q11N030 c p p 8.6 6.5 2.2 2.2 

Q11N110 c p p 6.5 4.9 1.6 1.6 

Q11N110 c p p 7.7 5.8 1.9 1.9 

Q11N370 c p p 9.4 7.1 2.4 2.4 

Q11N450 c p p 13.8 10.3 3.4 3.4 

Q12N160 c p p 7.2 5.4 1.8 1.8 

Q12N360 c p p 4.2 3.2 1.1 1.1 

Q12N410 c p p 14.9 11.2 3.7 3.7 

R10N040 p p p 7.4 1.8 1.8 1.a 

R11N010 p p p 9.8 7.4 2.5 2.5 

R11N020 c p p 7.0 5.2 1.8 1.8 

R11N040 c p p 8.9 2.2 2.2 2.2 

R12N180 c p p 9.8 7.3 2.4 2.4 

Total - - - 174.3 122.7 43.7 43.7 

1This catchment was separated under both the Orange Street Phase II and Orange/Bishop/Clinton projects. 

Orange/Bishop/Clinton 
The Orange/Bishop/Oinlon sewer separation project was completed in August 2004. This 
project is located in two areas divided by the Mill River, one being west of the river, and the 
other east of lhe river in Fair Haven. The project directly affects combined sewer overflows 
to the Mill River at outfalls 010 and 011, and overflows to the Quinnipiac River at outfall 018 
and downstream outfalls. Exhibits 6 and 7 illustrate the areas anticipated and actually 
separated by the project. 

The West area is centered on Bishop Street, Edwards Street, and Lawrence Street between 1-
91 and Whitney Avenue, west of the Mill River. All catchmen ts originally anticipated for 
sewer separation were partially separated in this project. Additional areas along Law rence 
Street west of Nash Street has been separated but the balance of the catchment (R13N350) 
remains combined and Edwards Street, between Prospect Street and Whitney A venue, were 
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also partially separated by the project. Buth uf thest! l:hanges are refiecled in the 2007 
Existing Condition model. Exhibit 6 illustrates the status of each catchment in the West 
area. 

The Fair Haven area separated in the Orange/Bishop/Clinton project is centered on Front 
Sb'eet and I-91 in northern Fair Haven. Two of the five catchments separated in Fair Haven 
were not anticipated in the original sewer separation project, as they were previously 
considered partially separated. See the Lombard Street East section below for further 
discussion of sewer separation in Fair Haven. Exhibit 7 illustrates the status of each 
catchment in the Fair Haven area. 

The geographic lond area of the entire the Orange/Bishop/Clinton project is 170.0 acres; of 
which 106.0 acres (approximately 62% of the land area) conb'ibute wet weather flow to the 
system. The LTCP Study effective area after sewer separation is reduced by approximately 
58 % to 44.4 acres. The modeled effective area is 44.4 acres for the 2007 Existing Conditions 
model (a 58% reduction). Exhibit 8 summarizes the status of each catchment in the 
Orange/Bishop/Ointon project, and how it is simulated in the model using modeled 
effective areas. 
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Orange/Bishop/Clinton Sewer Separation Project (West) Areas 
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EXHIBIT7 
Orange/Bishop/Clinton Sewer Separation Project (Fair Haven) Areas 
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EXHIBITS 
Oranoe/Bishoo/Cllnton Sewer Separation Proiect Catchment s tatus and Modeled Areas 

Catchment Status Modeled Effective Area (acres) 

2007 2007 
1997 Existing 1997 Existing 

Catchment Conditions LTCP Study Conditions Actual Conditions LTCPStudy Conditions 
ID Model Assumption Model Total Model Assumption Model 

P12N300 c p p 17.2 12.9 4.3 4.3 

P13N030 c p p 9.0 6.7 2.2 2.2 

Q12N080 c p p 8.0 6.0 2.0 2 .0 

Q12N550 c p p 19.4 14.5 4.8 4.8 

Q13NOSO c p p 14.3 10.8 3.6 3.6 

Q13N190 c p p 10.8 8.1 2.7 2.7 

R13N050 c p p 7.4 5.5 1.8 1.8 

R13N350 c pl p1 7.6 5.7 3.8 3.8 

U12N560 c p p 17.5 13.1 4.4 4.4 

U12N560 c p p 10.3 7.7 2.6 2.6 

U12N560 c p p 5.6 4.2 1.4 1.4 

U12N560 p p p 37.0 9.2 9.2 9.2 

U12N560 p p p 6.0 1.5 1.5 1.5 

Total . . . 170.1 105.9 44.3 44.3 

1 Sewer separation project did not separate all catch basins in this catchment. Therefore, an ARF of 50% was 
assigned to this catchment. 

Lombard Street East Phase I 

The Lombard Street East Phase I sewer separation project was completed in November 2001. 
This project was added as part of the Orange/Bishop/Clinton project in areas along 
Lombard Street and Front Street on the eastern side of Fair Haven. The project directly 
affects combined sewer overflows to the Quinnipiac River at outfall 018 and downstream 
outfalls. Exhibit 9 illustrates how the areas anticipated and actually partially separated by 
the project match very closely. 

ThP. geographic land area that encompasses the Lombard Street East Phase I project is 32.1 
acres; of which 24.1 acres (75% of the land area) contribute wet weather flow to the system. 
The LTCP Study modeled effective area with anticipated sewer separation was reduced by 
approximately 67% to 8.0 acres. No model changes were necessary for the modeled 
effective areas in the 2007 Existing Condition model. Exhibit 10 summarizes the status of 
each catchment in the Lombard Street East Phase I project, and how it is simulated in the 
model using modeled effective areas. 
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EXHIBIT9 
Lombard Street East Phase I Sewer Separation Projeqt Areas 
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EXHIBIT 10 
Lombard Street Phase I Sew er Separation ro1ect atchment talus an . p . c s d Mod led A e re as 

Catchment Status Modeled Effective Area (acres) 

2007 2007 
1997 Existing 1997 Existing 

Catchment Conditions LTCPStudy Conditions Actual Conditions LTCPStudy Conditions 
ID Model Aaaumptlon Model Total Model AsaumpUon Model 

U13N130 c p p 2.5 1.9 0.6 0.6 

U13N140 c p p 12.1 9.1 3.0 3.0 

U12N560 c p p 17 5 13.1 4.4 4.4 

Total . . . 32.1 24.1 8.0 8.0 

Wooster Square 
The Woosler Square sewer separation project was completed in August 2001. This project 
covers an area approximately anchored by Union Street, Water Street, Lyon Street, and 1-91. 
Combined sewer overflows to New Haven Harbor at outfall 021 are directly affected by this 
project. Exhibit 11 illustrates the areas planned and actually partially separated by the 
project. 

The as-built drawings provided by the Authority indicate that all catchments originally 
planned for this sewer separation project were separated, except the following: 

• Catchment Q15N500 - William Street between Olive Street and Bradley Street, and 
• Catchment Q17N280 - Franklin Street between Wooster Street and Green Street. 

In addition, the as-built drawings indicate that the sewer main along Wooster Street, 
between Brown Street and Franklin Street, was separated. The LTCP Study model 
simulation represented this entire catchment as partially separated; however, the separated 
area is only approximately 25% of Catchment Q17N450. 

The geographic land area that encompasses the Wooster Square project is 126.6 acres; of 
which 88.5 acres (approximately 70% of the land area) contribute wet weather flow to the 
system. The LTCP Study modeled effective area after sewer separation is reduced by 
approximately 51 % to 43.0 acres. 

Exhibit 12 summarizes the status of each catchment in the Wooster Square area, and how it 
is simulated in the model using modeled effective areas. 
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EXHIBIT 12 
Wooster Sauare Sewer Seoarallon Proiect Catchment Status and Modeled Areas 

Catchment Status Modeled Effective Area (acres) 

2007 2007 
1997 Existing 1997 Existing 

Catchment Conditions LTCPStudy Conditions Actual Conditions LTCPStudy . Conditions 
ID Model Assumption Modal Total Model Assumption Model 

P16N140 c p p 5.4 4.1 1.4 1.4 

P16N390 c p p 7.3 5.4 1.8 1.8 

P17N090 c p p 10.5 7.8 2.6 2.6 

P17N340 c p p 16.0 12.0 4.0 4.0 

P18N120 c p p 8.1 6.0 2.0 2.0 

Q15N460 c p p 6.7 5.0 1.7 1.7 

Q15N500 c c c 8.4 6.3 6.3 6.3 

Q16N180 c p p 9.3 7.0 2.3 2.3 

Q16N230 c p p 9.4 7.1 2.4 2.4 

Q16N390 c p p 9.9 7.5 2.5 2.5 

Q17N280 c c c 7.7 5.8 5.8 5.8 

Q17N330 c p p 9.7 7.2 2.4 2.4 

Q17N450 p p1 p1 12.9 3.2 6.5 6.5 

Q18N040 c p p 5.4 4.1 1.4 1.4 

Total . . - 126.7 88.5 43.1 43.1 

1As-built drawings show that the Wooster Square sewer separation project did not separate all catch basins in this 
catchment. Therefore, an ARF of 50% was assigned to this catchment. 

Kimberly/Columbus North 
The Kimberly /Columbus North Sewer Separation Project was completed in November 
2002. The project is divided into two areas, North and South. The North area is anchored 
on its north side at the terminus of Route 34, directly affecting combined sewer overflows to 
New Haven Harbor at outfall 025. The South area is anchored to its south alons Ella T 
Grasso Boulevard, directly affecting combined sewer overflows to New Haven Harbor at 
outfall 024. 

The Kimberly /Columbus North sewer separation project is anchored on Howard Street, 
Congress Street, and Washington Street. Exhibit 13 illustrates how the areas anticipated and 
actually partially separated by the North project match closely. However, several of the 
catchments are only partially separated with respect to area (as-builts show that not all 
combined sewers were separated on the streets). Catchment areas were updated in the 2007 
Existing Condition model tu accuratdy rdl~t field conditions. 

The geographic land area of the .Kimberly I Columbus North project is 82.3 acres; of which 
61.7 acres (approximately 75% of the land area) contribute wet weather flow to the system. 
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The LTCP Study modeled effective area after sewer separation ts reduced by approximately 
53% to 29.1 acres. 

Exhibit 14 summarizes the status of each catchment in the Kimberly /Columbus North area, 
and how it is simulated in the model using modeled effective areas. 
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EXHIBIT 14 
Kimberty/Columbus North Sewer Seoaralioo Prole<:t Catchment Status and Modeled Areas 

Catchment Status Modeled Effective Area (acres} 

2007 2007 
1997 Existing 1997 Existing 

Catchment Conditions LTCP Study Conditions Actual Condition• LTCPStudy Conditions 
ID Model AssumpUon Model Total Model AssumpUon Model 

N16N440 c p1 p1 4.5 3.4 2.3 2.3 

N17N200 c p1 p1 13.2 9.9 6.6 6.6 

N17N510 c p1 p1 10.2 7.7 5.1 5.1 

N18N090 c p p 11.1 8.4 2.8 2.8 

N18N230 c p1 p1 6.7 5.0 3.4 3.4 

N18N380 c p p 13.7 10.3 3.4 3.4 

N18N420 c p p 7.8 5.9 2.0 2.0 

N18N500 c p p 2.4 1.8 0.6 0.6 

N18N670 c p1 p1 6.0 4.5 3.0 3.0 

017N450 c p1 p1 6.5 4.9 3.3 3.3 

Total - - - 82.1 61.8 32.5 32.5 

1 As-built drawings show that the Kimberly/Columbus North sewer separation project did not separate all catch 
basins in this catchment. Therefore, an ARF of 50% was assigned to this catchment. 

Kimberly/Columbus South 
The Kimberly /Columbus South Sewer Sepurution Project was completed in January 2003. 
This project centers on Kimberly Avenue between 1-95 and Cassius Street. Exhibit 15 
illustrates the ureas anticipated and actually partially separated by the North project. 
Several catchments originally anticipated for separation were not actually separated by this 
project. The catchment areas for N21N180 and N21N660 were updated in the 2007 Existing 
Condition model as combined catchments to reflect field conditions. Also, the catchment 
areas for N21N350 and N22N240 were updated in the 2007 Existing Condition model as 
partially separated to reflect field conditions. 

The geographic land area that encompasses the Kimberly /Columbus South project is 56.4 
acres; of which 42.3 acres (approximately 75% of the land area) contribute wet weather flow 
to the system. The LTCP Study modeled effective area after sewer separation is reduced by 
approximately 39% to 25.9 acres. 

Exhibit 16 summarizes the status of each catchment in the Kimberly/ Columbus South area, 
and how it is simulated in the model using modeled effective areas. 
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EXHIBIT16 
Klmberlv/Columbus South Sewer Seoaralion Proiect Catchment Status and Modeled Areas 

Catchment Status Modeled Effective Area (acres) 

2007 2007 
1997 Existing 1997 Existing 

Catchment Conditions LTCP Study Conditions Actual Conditions LTCPStudy Conditions 
ID Model Assumption Model Total Model Assumption Mod&I 

N21N180 c c c 13.4 10.1 10.1 10.1 

N21N350 c p1 p1 7.2 5.4 3.6 3.6 

N21N420 c p p 2.5 1.9 0.6 0.6 

N21N420 c p p 7.8 5.8 1.9 1.9 

N21N660 c c c 4.5 3.4 3.4 3.4 

N21N660 c p p 6.0 4.5 1.5 1.5 

N22N010 c p p 3.2 2.4 0.8 0.8 

N22N200 c p p 7.4 5.5 1.8 1.8 

N22N240 c p1 p1 4.4 3.3 2.2 2.2 

Total - - - 56.4 42.3 25.9 25.9 

1 As-built drawings show that the Kimberly/Columbus South sewer separation project did not separate au catch 
basins in this catchment. Therefore, an ARF of 50% was assigned to this catchment. 

Humphrey Street 
The Humphrey Slreel sewer separation project was completed in January 2002. This project 
is centered on Humphrey Street between State Street and East Street. The project directly 
affects combined sewer overflows to the Mill River at outfall 010. 

As-built drawings were not available for review. Therefore, contract drawings were 
referenced for information regarding the status of each catchment in this area. The 
catchments addressed in this project are in a relatively small area and are designated 
partially separated in the LTCP Study. Therefore, no model changes are necessary. Exhibit 
17 illustrates the status of each catchment in the Humphrey Street area, and how it is 
simulated in the model using modeled effective areas. 
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EXHIBIT 17 
Humphrey Street Sewer Separation Project Area 
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HYDRAULIC MODEL IMPROVEMENTS 

There are two phases to the Elm Haven sewer separation project. All areas of both phases 
are illustrated in Exhibit 18. The project directly affects combined sewer overflows to the 
Mill River at outfall 014. 

Phase I was completed in August 2001, separating combined sewer areas along Canal Street 
and Ashmun Street in Elm Haven. 1bis project is centered on Humphrey Street between 
State Street and East Street. The catchments partially separated by the Phase I project 
exactly match those originally anticipated. 
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The Elm Haven Phase II sewer separation project, according to the Authority, partially 
separated two catchments, partially separated parts of two other catchments, and one 
catchment remains combined. 

The actual geographic land area that encompasses the Elm Haven Phase I and II projects is 
87.6 acres. Approximately 81.4 acres of this was partially separated. 

Exhibit 19 summarizes the status of each catchment in the Elm Haven Phases I an<l II ctreas, 
and how it is simulated in the model using modeled effective areas. 

EXHIBrT 19 
Elm Haven Phases I an II ewer Seoaral1on 101ecl al menl talus and Modeled An:i;is dS · p · Cch S 

Catchment Status Modeled Effective Area (acres) 

2007 2007 
1997 Existing 1997 Existing 

Catchment Conditions LTCPStudy Conditions Actual Conditions LTCP Study Conditions 
101 Model Assumption Model Total Model Assumption Model 

013N470 c p p 11.3 8.5 2.8 2.8 

013N470 c p p 8.5 6.4 2.1 2.1 

013N470 c p p 10.5 7.8 2.6 2.6 

013N470 c p p 6.9 5.2 1.7 1.7 

013N470 c p p 5.6 4.2 1.4 1.4 

013N470* c c c 6.2 4 .7 4.7 4.7 

013N470* c p1 p1 14.3 10.8 7.2 7.2 

013N470* c p1 p1 12.1 9.1 6.1 6.1 

013N470" c p p 10.0 7.5 2.5 2.5 

013N470* c p p 2.2 1.7 0.6 0.6 

Total - - - 87.6 65.9 31 .7 31 .7 

1All catchments In the Elm Haven Phases I and II area drain to the same node in the hydraulic model. Therefore, 
they are assigned an identical Catchment ID. Geographic area (actual) values were used to distinguish between the 
different areas. 

• Elm Haven Phase ii 

Lombard Street East Phase II 
The Lombard Street East Phase II project separates areas in Fair Haven. Combined sewer 
overflows to the Quinnipiac River at outfall 018 are directly affectPd hy this project, as well 
as downstream outfalls. Contract drawings for the Lombard Street East Phase II sewer 
separation project werP delivered to the Authority in August 2006 (Westcott & Mapes, 2006). 
Authority records indicate that this project was 90% complete as of June 2007. As illustrated 
in Exhihit 20, this project separates several combined sewer catchments in Fair Haven, 
included in original plans for separation but not separated in the Lombard Street East Phase 
I or Orange/Bishop/Clinton projects. One catchment, along English Street and Peck Street, 
between Rowe Street and Ferry Street, was not separated in any of the Fair Haven projects. 
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The actual geographic land area that encompasses the Lombard Street East Phase II project 
is 64.6 acres, with 48.4 acres contributing to wet weather flow in the system (approximately 
75%). 

In addition to catch basin separation, this project involves the construction of a new 42-inch 
storm drain in Lombard Street. This storm drain will direct stormwater runoff directly to a 
new outfall near Lombard Street and Front Street. A new diversion structure and 30-inch 
dry weather flow pipe was constructed under the Lombard Street East Phase I project. Also, 
the existing 36-inch overflow pipe (CSO 018) was plugged at Front Street and connected to 
the Front Street Interceptor (Westcott & Mapes, 2006; City of New Haven, 1999). These 
changes were made to the 2007 Existing Condition model. 

Exhibit 21 summarizes the status of each catchment in the Lombard Street East Phase Il area, 
and how it is simulated in the model using modeled effective areas. 
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EXHIBIT 21 
Lombard Street East Phase II Sewer Seoarauon Prolect Catdlment Status and Modeled Areas 

Catchment Status Modeled Effective Area (acres) 

2007 2007 
1997 Existing 1997 Existing 

Catchment Conditions LTCP Study Conditions Actual Conditions LTCP Study Conditions 
101 Model Assumption Model Total Model Assumption Modal 

T13N210 c p p 6.0 4.5 1.5 1.5 

T13N330 c p p 6.5 4.9 1.6 1.6 

T13N420 c c c 4.8 3.6 3.6 3.6 

T13N510 c p p 7.7 5.8 1.9 1.9 

T14N030 c p p 6.4 4.8 1.6 1.6 

T14N120 c p p 7.3 5.5 1.8 1.8 

U13N010 c p p 6.5 4.9 1.6 1.6 

U13N500 c p p 7.5 5.7 1.9 1.9 

U13N540 c p p 3.4 2.5 0.8 0.8 

U13N640 c p p 8.4 6.3 2.1 2.1 

Total - - - 64.5 48.5 18.4 18.4 

Fair Haven Sewer Separation 
The planned Fair Haven sewer separation project calls for full separation of all the 
catchments. Exhibit 22 rPpresentc; the 2007 Existing Conditions and Exhibit 23 represents 
the planned sewer separation. Exhibit 22 presents both the partially separated and 
combined catchments located in the Fair Haven area. The partially separated catchments 
were recently separated during the Lombard Street Phase I, Lombard Street Phase II, and 
Orange/Bishop/Clinton sewer separation projects as shown in Exhibits 7, 9, and 20. These 
catchments will be fully separated along with the remaining combined catchments during 
the planned Fair Haven sewer separation project. The L TCP Scenarios I and II hydraulic 
models are based on planned Fair Haven sewer separation. Exhibit 24 represents the actual 
and model effective areas for all the catchments located in the Fair Haven area. The 
geographic land area that encompasses the Fair Haven is approximately 651 acres; of which 
379 acres (approximately 58 % of the land area) contribute wet weather flow to the system 
for 2007 Existing Conditions. The LTCP Study modeled effective area after planned sewer 
separation is reduced by 90% to 65 acres. 
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EXHIBIT 22 
Sewer Separation In Fair Haven for 2007 Existing Conditions 

A 

N .. OUTFALLS 

W+E D Combined 

D Separated 

s 
D Partially 

0 1,000 2,000 
Separated 

Feet D Non-Sewered 
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EXHIBIT 23 
Planned Sewer Separation in Fair Haven as Modeled in LTCP Conditions 
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EXHIBIT24 

Planned Fair Hoven Sewer Separ11tion Project 

Catchment Status Modeled Effective Area (acres) 
Catchment Actu11I Area 

ID 2007 Existing LTCP Study (acres) 2007 Existing LTCP Study 
Conditiona Assumption Conditions Assumption 

T15N250 c s 7.5 5 .7 0.8 
T15N260 c s 8.6 6.4 0.9 
T1'3N040 c s e .'1 47 O.S 
T16NOSO c s 3.4 2.5 0.3 
T16NOSO c s 4 .6 3.o3 0.5 
T16N110 c s 7.7 5.S 0.8 
T16N120 c s 1.3 1.0 0.1 
T16N130 c s 1.3 1.0 0.1 
T16N130 c s 2.4 HI o.: 
T16N130 : s 3.5 2.'3 0.3 
T1'3N130 

,... s :!.4 U'I 0.2 "" T16N130 c s ::!.7 2.1 0.3 
T16N130 : s ::! .6 1.9 0.3 
T16N150 c s 7 .1 5.4 0.7 
T1'3N220 c s 1.9 1.4 o.: 
T1'3N410 c s s.: 3:3 0.5 
T1'3N410 c s S.4 4.0 0.5 
T17NOJO c s So.1 6.·:'I 0.9 
T17N380 ·.., s 8.3 ~.., 

"·• 0.6 
f17N3<'.10 : s I:) . ~ ·3.2 1.1 
T17N4·~ c s 13.0 '3.7 1.3 
\. 12N560 p s 37.0 '3.2 3.7 
lJ 121\560 p s 17.5 4.4 i .6 
'J 12:\560 p s 1::l.3 2.6 1.0 
:, 1211,560 p s e.o 1.S 0.6 
'-! 12~560 p s 5.6 1.4 0.6 
\j 13J\010 p s e.s 1.6 0.6 
J 13""130 p s :!.5 ail 03 
'J 13N 140 p s 1::!. 1 3.0 1.~ 
J 13\l 140 p s 3.0 o .. 3 0.3 
• .., 13~500 p s 7.5 1:::1 0.8 
1 .... 131\540 p s 3.4 0.·:! 0.3 
\,; 13:\640 p s e.4 2.1 o.e 
\j 14~090 p s 7.5 1.9 0.6 
1J 14N180 p s 5.9 1.5 0.6 
1 
... 141'-1250 c s 7.2 5.4 0.7 
'.; 151\030 c s 1:!.6 ·3.5 1.3 
'..i 15N070 : s 3.5 2.6 0.3 
·• 15N130 p s 5.4 1.3 0.5 
\., 15i°'1200 : s 6.7 5.0 0.7 
\.i 15N270 c s 14.0 10.S !.4 
'., 16/'.oDOO c s 7,6 5,7 0.8 
v 16N2t0 p s IC.4 2.'5 1.0 

Total 651.0 379.3 65.1 
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The LTCP Scenario II Study model representation of the pump station simulated three (3) 
13,500-gpm variable speed differential head pumps for a maximum capacity of 58.3 mgd, as 
shown in Exhibit 25. The 2007 Existing Condition and L TCP Scenario I hydraulic models 
were configured to represent the 3+1 operation with actual capacities totaling 15,400 gpm 
(22.2 mgd) and difforenlial head curves imported into the model database. Copies of the 
pump curves are provided in Attachment 1. 

Barnes and Quinnipiac Pump Stations 
These pump stations were recenUy renovaled. 111e Barnes Pump Station has two 
submersible pumps with a design capacity of 1,400 gpm each (OMI, 2006b). The pumps are 
operatt!d in a 1+1 manner, with one of the pumps available for operation and one held in 
reserve for emergency situations. Therefore, the pump station has a maximum capacity of 
1,400 gpm (2 mgd). The Quinnipiac Pump Station has four submersible pumps with a 
design capacity of 1,660 gpm each (OMI, 2006a). The pumps are operated in a 3+1 manner, 
with three of the pumps available for operation and one held in reserve for emergency 
situations. Therefore, the pump station has a maximum capacity of 5,000 gpm (7.2 mgd). 

Since the stations were renovated, the LTCP Study model representation was replaced with 
new configurations for both pump stations in the 2007 Existing Condition hydraulic model. 
The Barnes Pump Station is simulated with a single 1,400-gpm (2 mgd) pump using 
differential head curves imported into the model database. The Quinnipiac Pump Station is 
simulated in the 3+1 configuration with a maximum capacity of 5,000 gpm (7.2 mgd) and 
differential head curves imported into the model database. Copies of the pump curves for 
both stations are provided in Attachment 1 

Morris Cove Pump Station 
The pumps at the Morris Cove Pump Station were recently replaced and new pump curves 
were obtained. The pump station has five pumps with a capacity of 3,130 gpm each (OMI, 
2007). The pump curves were imported into the 2007 Existing Condition hydraulic model as 
differential head curves. Copies of the pump curves fur this statiun are provided in 
Attachment 1. 

Cross Connections 
The New Haven collection system contains several cross connections within the collection 
between the stormwater and sanitary sewers. The STCP and LTCP recommended to 
identify, inspect, and document the cross connections, with the intention of eliminating 
them if feasible and necessary. The recommended actions have been taken and some of 
these cross connections have been eliminated by projects implemented since short- and 
long-term planning. Some cross connections were not modeled during the original 
planning effort while others w~re di.8wveretl late in lhe plarnting effort Based o.n the 
information compiled from the Authority, only two model modifications were necessary to 
construct the 2007 Exisling Condition hydraulic model, described as follows. 
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Barnes Pump Station 
The Barnes Pump Station had a 6-inch overflow pipe connecting the pump station an 
adjacent 15-inch stormwater sewer that discharges to the Quinnipiac River. The CSO outfall 
is designated 029. The 6-inch overflow pipe connecting the pump station to the stormwater 
sewer was removed during the Barnes Avenue and Quinnipiac Avenue Pumping Stations 
project (Metcalf & Eddy, 2005). As-built plans confirm the modifications. The overflow was 
removed from the 2007 Existing Condition model. 

Quinniplac Pump Station 
The Quinnipiac Pump station had a connection to the stormwater system via an overflow 
pipe to a stormwater sewer that discharges to the Quinnipiac River. The CSO outfall is 
designated 030. The 24-inch overflow pipe and 24-30-inch RCP stormwater pipes 
connecting the pump station influent chamber to the stormwater collection system were 
removed (Metcalf & Eddy, 2005). As-built pla11S confirm the modifications. The overflow 
was removed from the 2007 Existing Condition model. 

Cross Connections at CSO 013 

This cross connection has been eliminated from the 2007 Existing Condition hydraulic 
model to reflect existing conditions. 

Other Model Updates 

Truman Tank 
The construction of The Truman Tank was completed in 2006. The tank was not simulated 
using models during long-term control planning previously. However, subsequent 
modeling added a representation of the CSO storage tank for planning and design 
simulations using design documents produced prior to construction. Following the 
construction, changes were made to the bending weir elevation design. Therefore, the 
model representation of the weir crest elevation was adjusted to 4.80 feet to match as-built 
plans. 

EXHIBIT25 

O.sign Dab far M:1jor Ptn1P Stations tor L TCP Scenarios I ilnd II 

1110011 ,.,odll Pump Design Dau Quantity MaJ1Des1gn PHktnnow'o 
Conditions Elemtnt Flow lgpm) PumpSpe.cl Total Dynamii: HHd Cap.acity (mgdl WPAF {mgcl) 

(rpm) IM•tl 
LT<;P I E.ASTPS 12.':•:a 7~ G8 ?+~ 51 .a 147 

a:..IJOPS 11.·:·:c 705 ::p ?+' 47.! 
UNION=S :Xist~g :!+' :r::.2 

LTCPll cASTPS 12.·:·:c 705 gs ?+ ' 5t.a 187 
e~110 PS 11.:·:C 706 2:J7 ~ ... ~ 47 .~ 

UNIONJ:S 13.!·:C 706 17: ?+ ' 55.3 
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Hydraulic Model Version Tracking 
Exhibit 26 provides the name and description for the culledion system hydraulic model. 
These model files simulate 2007 Existing Conditions, LTCP Scenario I, and LTCP Scenario II. 

EXHIBIT28 
New Haven Collection System Model Flies 

Fiiename 

NewHaven_CS_Model.MPR 

NewHaven_CS_Model.HGF 

NewHaven_CS_Model .UNO 

Summary 

DescripUon 

Mouse project file. 

Mouse hydrology file. 

Mouse network file. 

The Authority's collection system hydraulic model was originally developed in 1998 to 
support the CSO LTCP and calibrated as part of the LTCP development. This planning-: 
level model is documented in L TCP technical memorandums. With plan implementation 
proceeding, the modeling framework was out-of-date with respect to changes that were 
made to the collection system bul nol simulated in Lhe model. A data request was 
submitted to the Authority tracking and compiling information on STCP and L TCP 
implementation, other collection systen1 projects, or operational information related to 
collection system performance. Updated information and data were compiled on sewer 
separalion projects, pump stations, cross connections, CSO regulators and outfalls, and the 
construction and operation of the Truman Tank. A 2007 Existing Condition model was then 
constructed to represent the Authority's collection system as it operates cunently. 
Moreover, LTCP Scenarios I and II were also added to evaluate the long-term CSO control 
plans. 
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MEMORANDUM - TASK 3 CH2M HILL 

Task Order 2A: Final Flow Meter Locations 

TO: New Haven Flow Metering Project Team 

FROM: Tony Parolari/CH2M HILL 

DATE: April 3, 2007 

REVISED DATE: April 17, 2007 

PROJECT NUMBER: 350590 

Final Flow Metering Locations 
The Hydraulic Model Update, Flow Moni torine, Model Verification, and Hydraulic 
Analyses Task Order 2a is intended to update the Greater New Haven Water Pollution 
Control Authority's (the Authority) hydraulic model to represent existing conditions (2007). 
An updated and verified hydraulic model will allow the Authority to verify the 
rPmmmenda tions from the Wet Weather Preliminary Engineering Project, confirming the 
maximum pumping capacity for the Boulevard and East St Pump Stations and the 
appropriate treatment capacity at the East Shore WPAF. Additionally, a hydraulic model 
update fi ts into the Authority's long-term vision for modeling and alternatives evaluation -
supporting planning and design activities related to implementation of the Long-term 
Control Plan. 

In the Scope of Services for this task order, a preliminary list of flow metering locations was 
proposed to support model verification activities. Monitoring priorities were discussed at 
the project kick-off meeting h eld M urch 27, 2007. The flow meter list has been revised 
accordingly to reflect these priorities and better meet the needs of the Authority. The 
following priorities have been established for flow meter locations: 

1. Choose meter locations to provide the most information pertinent to the ongoing Wet 
Weather Preliminary Engineering Project. This project is focused on system 
improvements at the Boulevard and East Street Pump Stations, as well as increased 
hydraulic and process capacity at the East Shore Water Pollution Abatement Facility 
(WPAF). 

2. Meter at least two of the city boundary locations previously metered by the Authority. 
Boundary meters will provide information regarding wet weather peaks from 
surrounding communities. 

3. Provide metering throughout the collection system, including Fair Haven. 

Table 1 summarizes the updated meter locations and the data to be collected at each site. 
The meters are also shown on the attached system map (Figure 1). 

REVISED FLOW METER LOCATIONS 04172007 V3.00C 



GNH0016-058

TASK ORDER 2A: FINAL FLOW METER LOCATIONS 

CH2M HILL and ADS Environmental Services reviewed the metering locations and 
identified suitable manholes for installation on April 10 and 11, 2007. Table 1 and Figure 1 
have been updated to reflect these site investigations. Meter installations are anticipated to 
begin on April 23, 2007. 

TABLE 1. 
Final Flow Metering Locations 

Location 

Boulevard Interceptor (near OF 024) 

Boulevard Interceptor (near OF 002) 

Boulevard Interceptor (near OF 003) 

Boulevard Interceptor (near OF 004) 

Boulevard Interceptor (near OF 005) 

Boulevard Interceptor (near OF 006) 

Thorpe Drive I Brookside Drive (NH-12, Hamden) 

East Street Interceptor (near OF 021) 

East Street Interceptor (near East/Ives) 

East Street Interceptor (near OF 010) 

East Street Interceptor (near OF 012) 

East Street Interceptor (near OF 013) 

East Street Interceptor (near OF 014) 

East Street Interceptor (Canal Street) 

Winchester Avenue (NH-04, Hamden) 

East Rock Road I Park Drive (NH-11, Hamden) 

Fair Haven (near OF 009) 

Fair Haven (near OF 015) 

Fair Haven (near OF 016) 

Fair Haven (near OF 017) 

Fair Haven (near OF 018) 

Fair Haven (near OF 019) 

Barnes Quinnipiac Interceptor 

Woodward/Lighthouse/Morris Cove Interceptor 

Total 

REVISED FLOW METER LOCATIONS 04172007 VJ.DOC 

Meters Deployed Data Type 

2 

25 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

External Inflow 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

External Inflow 

External Inflow 

Interceptor (upstream and 
downstream of regulating structure) 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

Interceptor 

Interceptor 
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The temporary flow metering program will also include three (3) rain gauges, to be placed 
at locations previously used during LTCP development: Edgewood, Boulevard Pump 
Station, and Blatchley. As discussed below, CDM has installed a meter at Boulevard Pump 
Station for the Union Street Pump Station study. It is assumed that this rain gauge will be 
removed prior to the end of the Task Order 2A metering study. Therefore, CH2M HILL will 
install a meter at this location to capture rainfall data for the entire metering period. 

Existing Flow Meter and Rain Gauge Locations 
The following flow meters and rain gauges are currently operated and maintained in the 
New Haven collection system: 

1. Union Street Pump Station - Currently, COM is conducting a flow metering study at 
the Union Street Pump Station. Five (5) flow meters and two (2) rain gauges have been 
deployed for this study. Table 2 summarizes these locations. Data from this study will 
be used to support the hydraulic model verification. 

2. Pump Station SCAD A - The Boulevard, East Street, and Morris Cove Pump Stations are 
equipped with flow meters and SCADA. Electronic data records can be obtained from 
OMI. 

3. Long-term Rain Gauges - A long-term rain gauge is located at Tweed Airport, near the 
East Shore WPAF. Data from this gauge can be obtained from the National Climatic 
Data Center. Additionally, the Regional Water Authority (RWA) maintains several rain 
gauges in the area - Whitney, South Cheshire, Dawson, Wepawaug, Saltonstall, and 
Gaillard.1 Data from these gauges can be obtained from RW A. 

TABLE2. 
Flow Meter and Rain Gauge Locations for Union Street Pump Station Study (COM) 

Location Meters Deployed Data Type 

Water Street I Union Street (CDM1) 1 Flow Meter 

George Street I State Street (CDM2) 1 Flow Meter 

Water Street I Columbus Plaza (CDM3) 1 Flow Meter 

George Street I Temple Street (CDM4) 1 Flow Meter 

South Frontage Road (CDM5) 1 Flow Meter 

East Street Pump Station 1 Rain Gauge 

Boulevard Pump Station 1 Rain Gauge 

1 Several of these rain gauges are located in suburban areas surrounding the City of New Haven and are not identified on the 
attached map. 
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TECHNICAL MEMORANDUM - TASK 3 CH2MHILL 

Greater New Haven Water Pollution Control Authority 

Wet Weather Capacity Improvements - Hydraulic 
Model Update 

Short-Term Flow Monitoring Program 
PREPARED FOR: 

PREPARED BY: 

DATE: 

PROJECT NUMBER: 

Introduction 

GNHWPCA 

CH2M HILL 

August 16, 2007 

350590 

During recent modeling activities to support Preliminary Engineering for Wet Weather 
Capacity Improvements, it was found that the planning-level hydraulic modeling scenarios 
previously developed to support the Greater New Haven Water Pollution Control 
Authority ("the Authority") Long-term Control Plan (LTCP) do not accurately reflect the 
collection system as it exists today. In the time since development of the LTCP model in 
1997, several changes have occurred in the New Haven collection system - including sewer 
separation projects, regulator modifications, and conventional growth and development. 
The Authority is conducting a Hydraulic Model Update task to update the model, verify 
that it accurately represents existing conditions, and to have a more current tool for 
evaluating engineering alternatives for its Wet Weather Preliminary Engineering project. 

The Authority's hydraulic model was updated to reflect 2007 existing conditions in the 
collection system, as described in the August 1, 2007 Hydraulic Model Improvements technical 
memorandum. Concurrent to the Hydraulic Model Improvements effort, a short-term flow
monitoring program was mnducb•d hy the Authority. The purpose of the program was to 
collect collection system flow data that can be used to verify that the Authority's hydraulic 
model accurately simulates existing dry and wet weather conditions in the system, 
considering that many elements of its short- and long-term control plans have been 
implemented. 

This technical memorandum describes technical work efforts performed in the Short-Term 
Flow Monitoring Program subtask to collect collection system rainfall and flow data. A 
summary of the monitoring effort, graphical illustrations of results, a quality assessment of 
the data, and caveats to its use in the subsequent model performance verification is 
provided herein. 

NJOINH FLOW MONITOrllNC-FINAL.DOC 
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Program Methodology 
The objectives of the monitoring study were to develop existing conditions data on base 
flow and its diurnal variations during dry weather, and characterize system response 
during wet weather events of varying size, including storms that maximize system 
conveyance. For the monitoring program to be successful, a typical dry weather period and 
a combination of small and large storms must be observed to provide adequate data for wet
weather model verification. 

The U.S. Weather Bureau Technical Paper 40 summarizes the probability of intense storms 
occurring at monthly intervals for the New York and New England region. In this 
document, it is shown that intense storms are most likely to occur between the months of 
May and September, with larger storms occurring more frequently later in the year. This 
flow monitoring program was conducted in the months of May and June 2007 to align with 
the Authority's design and construction project schedules. 

CH2M HILL developed a flow-monitoring work plan, described in Task Order 2A: Final Flow 
Meter Locations memorandum, originally dated April 3, 2007 and revised April 17, 2007. The 
data quality goals of the program were to monitor rainfall in the collection system survey 
area and monitor flow in the collection systems at the same locations as that done during the 
original LTCP modeling effort. The work plan had the following elements: 

• Identify three rainfall and twenty-four flow monitoring locations. 
• Perform site investigations to finalize monitoring locations. 
• Install rain gages and collection system velocity and depth meters. 
• Monitor conditions for six weeks. 
• Remove all meters and gages. 

Three rain gauges were placed at locations previously used during LTCP development: 
Boulevard Pump Station, Edgewood, and Blatchley. Twenty-one collection system locations 
were selected to monitor flow in all branches of the system (CSO 009 had two sets of meters, 
upstream and downstream of a CSO discharge). Three boundary locations were also 
selected to monitor flow entering the system from regional communities. The Task Order 
2A: Final Flow Meter Locations memorandum tabulates and illustrates the monitoring 
locations. 

Program Execution 
A OS Rnvi ronmPnta I SPrvices was cnntrach>d to pP.rfonn P.XP.CUtP. thP. prov-am. CH2M HIT .1. 
and ADS Environmental Services performed site inspections on April 10 and 11, 2007 to 
identify suitable manholes for meter installations. Site inspection data sheets are provided 
in Attachment 1. All rainfall and collection system monitoring devices were installed and 
operating by May 11, 2007. The ADS monitoring methodology is reproduced in Attachment 
1. ThP devicPs werP removed after six WPPks, thP last data was collP.CtP.d on June 21, 2007. 
ADS released a Final Report via its online services on July 23, 2007. An electronic cover 
letter is reproduced in Attachment 1. Preliminary data was made available to CH2M HILL 
and the Authority during the program. The data was finalized by AUS will remain online 
for one year after the program was completed. 
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Additional rainfall data sources were also identified and utilized during the monitoring 
period. Rainfall data was provided at three regional locations by the Regional Water 
Authority (RWA) for the May and June 2007 at their Whitney, Furnace Pond and Dawson 
locations. Preliminary and final rainfall data was also obtained from the National Climatic 
Data Center (NCDC) at Tweed Airport near the East Shore Water Pollution Abatement 
Facility (WPAF) for the period June 2006 through June 2007. 

Additional flow monitoring data sources were also identified and utilized during the 
monitoring period. Data from pump station SCADA systems and the East Shore WPAF 
were obtained during the monitoring period. lhe Authority was also conducting a flow
monitoring program at its Union Street Pump Station, but that program was completed 
prior to the start of this program. 

Program Results 
The data quality objectives were to collect rainfall and collection system flow data during 
U1e six-week moniloring period sufficienl Lo verily hydraulic model performance. TI1e 
following describes the rainfall and flow monitoring data collected during the program. 

Rainfall Monitoring 
The objectives included monitoring several wet-weather events of varying intensity and 
total rainfall, with at least one event as close as possible to the two-year design storm used 
for LTCP development. Rainfall information was tracked during the six-week period and 
several events were observed. Overall rainfall datn collected at all rain gages during the 
May 11 through June 21 monitoring period is summarized in Exhibit 1. 

EXHIBIT 1 
Total Rainrall Observed From May 11 through June 21 , 2007 at All Gages 

Location Source Total Rainfall (Inches) 

Boulevard Pump Station (RG1) ADS 4.56 

Edgewood (AG2) ADS 2 .49111 

Blatchley (RG3) ADS 3.98121 

Tweed Airport NCDC 4.31 

Whitney AWA 4.82 

Furnace Pond AWA 4.40 

Dawson AWA 5.44 

(1) The Edgewood (RG2) rain gage was apparently vandalized and not operating at least on June 3-4, 2007. 

(2) The Blatchley (RG3) rain gage was inoperable prior to May 19, 2007. 

The Tweed Airport gage recorded 1.09 inches of rainfall in May and 3.44 inches in June. The 
monthly average rainfall from June 2006 through June 2007 was 4.22 inches at Tweed 
Airport. Despite experiencing low monthly rainfall compared to the last year, at least seven 
wet-weather events were identified for wet weather hydraulic model verification. A 
composite illustration of all rainfall observed during the monitoring period at the seven 
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gages is provided in Attachment 2. The seven events were compared to historical data 
using rainfall depth-duration-frequency curves. A rainfall depth-duration-frequency data 
set was developed for New Haven using data from the National Oceanic and Abnospheric 
Administration (NOAA) and other sources. The data is providP.d in AttachmPnt 2. F.xhibit 
3 summarizes the wet-weather events and their return periods based on these curves. 

EXHIBIT 2 
Wet Weather Event Statistics and Retum Periods during May 11 through June 22, 2007 Period 

Peak Intensity 
(Inches/hour) for 60· 

Event Rainfall (Inches) minute time step Return Period 

May 16 0.42 to 0 .88 0.38 s 2 months 

May 18 0.23 to 0.32 0.24 < 2 months 

May 31 0.09 lo 0.71 0.55 < 2 months 

June 3 2.17 to 2.78 0.65 Between 6 months and 2 years 

June 9 0.12to0.40 0.32 < 2 months 

June 11 0.31lo0.48 0.40 < 2 months 

June 16 0.12 lo 0.37 0.17 < 2 months 

Rainfall depth-duration-frequency curves for each of the seven events are provided in 
Attachment 2. 

Flow Monitoring 
Flow monitoring was conducted at 24 locations throughout the collection system. ADS 
submitted its final reports electronically in lieu of submitting paper copies. The following 
describes data availability and the percent of time that meters were recording data during 
the monitoring period. This is followed by commentary on each of the monitoring locations 
wiU1 summary flow hyLlrographs and Jctla statistil:s un measureu hy<lraulil.: dev<:1tiun aml 
velocity, and calculated flow in million gallons per day (mgd) . 

Data Availability 
Rainfall and collection system monitoring was conducted with QA/QC goals to collect the 
highest level of quality data possible. AUS conducted weekly inspections of all rain gages 
and collection system meters to download data, se1-vice melers, and if needed coned 
conditions. Inspections were conducted during the monitoring period on May 16, 22, and 
30, and June 6, 12, and 20. ADS had a minimum data availability or "up-time" goal of 93 
percent. Exhibit 3 summarizes the data availability for each collection system monitoring 
location. 
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EXHIBIT 3 
Data Availability for Collection System Monitoring Locations 

Data Avallabillty (percent up-time} 

Meter Site Depth Velocity Quantity 

cso 002 100 100 100 

CS0003 100 100 100 

cso 004 100 100 100 

cso 005 100 100 100 

cso 006 100 100 100 

cso 009 100 100 100 

CSO 009A 100 100 100 

csooio 99.95 99.95 99.95 

CS0012 100 100 100 

cso 013 99.98 99.98 99.98 

cso 014 100 100 100 

cso 015 99.88 99.88 99.88 

CS0016 100 100 100 

CS0017 n/a n/a n/a 

cso 018* 86.36 86.36 86.36 

CS0019 100 100 100 

CS0021 100 100 100 

cso 024 100 100 100 

East/Ives 100 100 100 

Canal 99.6 99.8 99.8 

Ferry (Barnes-Quinnipiac) 99.95 99.95 99.95 

Woodward 99.93 99.93 99.93 

NH·04 100 100 100 

NH-11 100 100 100 

NH-12 100 100 100 

• Commentary on CSO 018 is provided below. 
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CS0002 
This meter was installed just upstream of the regulating structure at CSO 002 in the 
Boulevard Interceptor. Depth and velocity data indicate that this location functioned in 
free-flow conditions for the entire monitoring period. However, a backwater effect was 
noted during wet weather conditions, most likely a result of a higher level in the wet well at 
Boulevard Pump Station. Silt was measured at 11.0 inches at this location. 
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CS0003 
This meter was installed upstream of the regulating structure at CSO 003 in the Boulevard 
Interceptor. This location functioned in free-flow conditions for the entire monitoring 
period. Silt was measured at 9.25 inches at this location. 
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CS0004 

This meter was installed upstream of the regulating structure at CSO 004 in the Boulevard 
Interceptor, at the intersection of North Frontage Road and E.T. Grasso Boulevard. This 
location functioned in free-flow conditions for the entire monitoring period. Silt was 
measured at 2.0 inches at this location. 
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csooos 
This meter was installed upstream of the regulating structure at CSO 005 in the Boulevard 
Interceptor, at the intersection of Irving Street and E.T. Grasso Boulevard. This location 
functioned in free-flow conditions for most of the monitoring period. There were brief 
periods of surcharge during wet weather events. Silt was measured at 2.5 inches at this 
location. 
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cso 006 
This meter was installed just upstream of the regulating structure at CSO 006 in the 
Boulevard Interceptor. This location functioned in free-flow conditions for the entire 
mon.ilor.ing period. Sill was measured al 17.5 inches al Uti.s location. 

HYOROGRAPH REPORT - CS0-006 
New H•v•n, CT -60~ __ r'l_P""-f\l~h _____ 5i~~-----V-'@-'lo.;...city..:..--~--''l"'-u;ontily--''---~---'-"Ra;...;.in _ _ ~--'Pip""•;_H""-~-'"'h....:.t_~2.4 

50 2.a 

~40-t----t---1'!------+-----------t---l"a!--,----+------r-------+l.6 <i 
-t=-t;:-....,,-+.---:-i~'lf':-:-..,,-.-.-+.--,.--:---:----.-:----rl---~-....,..r-:h-t:-r-,..-t~t-,-t---i'-:--:---:--,...-;'-+l~a 

~~~....:.::...:::~~:~~::!L~~~~~:::!L::!l.::.~~~'t::Jl.:..J::'!J:!J,,~:±,.~t'.it::~rt:::Slt::!'L::~, ~ I- 0.9~ 

lO·t----1-------+---------+------1-------1-------+o.~ 

o...._ __ _..._ _____ _.__ _______ _,, _____ _.._ _____ _,_ _____ _.,o.o 
12 1.00 

g ~ 
~ 6-1----1---,,t-----+---------+---M-- - -+------+-------+o.so.! 
~ ~ 

t--:----t-~11r.-. .-~ ---t----------t---H~~---,-t------1---t--,-----to.2s 

flf'-v't/¥ Y~ /"\MMN'-.J'-...f'1""'""'1'-111 ..... 1 

May 2007 

Average 

Minimum 

Maximum 

15 Tue 

Time of Minimum 

Time of Maximum 

NJJOINI I rLOW MONITORING·V1.DOC 

22 Tue 

Depth (In) 

23.01 

20.04 

38.72 

6/21/2007 4:30 AM 

5116/2007 10:30 PM 

B Fri 

Velocity (ft/s) 

1.06 

0.77 

2.57 

6/21 /2007 4:30 AM 

5116/2007 10:30 PM 

Calculated Flow (mgd) 

1.51 

0.55 

, 1.17 

6/2112007 4:30 AM 

5/1612007 1 0:30 PM 

10 



GNH0016-070

SHORT-TERM FLOW MOOITORING PROGRAM 

CS0009 
This meter was installed upstream of the CSO 009 regulating structure. This location 
functioned in free-flow conditions for the entire monitoring period. Silt was measured at 2.0 
inches at this location. 
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CS0009A 
This meter was installed downstream of the CSO 009 regulating structure. This location 
functioned in free-flow conditions for the entire monitoring period. Silt was measured at 
10.5 inches at this location, indicating a significant difference in silt levels from the CSO 009 
meter locotion o few hundred feet upstreom. 
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CS0010 

This meter was installed in the regulating structure at CSO 010 between the two outfall 
pipes. This location functioned in free-flow conditions for most of the monitoring period. 
When depths were greater than 15 inches, backwater conditions were observed, most likely 
a resull of a higher levt!l in the wet well at East Street Pump Station. No silt was measured 
at this location. 
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cso 012 
This meter was installed just upstream of the regulating structure at CSO 012. This location 
functioned in free-flow conditions for the entire monitoring period. No silt was measured at 
this site. An imbalance with the group of meters upstream of CSO 012 was noted (CSO 013, 
NH-04, and NH-11). NH-11 contributes the most flow to the CS0 012 location and the 
imbalance may be explained by an overflow point between NH-11andCSO012. ADS 
recommended further investigation of pipe connectivity in this area to resolve this issue. 
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cso 013 
This meter was installed downstream of the regulating structure at CSO 013 at the 
intersection of East Rock Road and Everit Street. This location functioned in free-flow 
conditions for the entire monitoring period. Silt was measured at 7.0 inches at this location. 
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··11.... ..~ \¥ •. "' .. 1 -

0 .6 

n.n 

Depth (In) Velocity (ft/s) Calculated Flow (mgd) 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJOINH FLOW MONITORING-V1.00C 

12.69 

11 .28 

23 .90 

6/3/2007 5:00 AM 

5/16/2007 10:00 PM 

0.44 

0.09 

2.52 

6/3/2007 5:00 AM 

5/16/2007 10:00 PM 

0.26 

0.035 

4.67 

6/3/2007 5:00 AM 

5/16/2007 10:00 PM 

15 



GNH0016-075

SHORT· TERM FLOW MONITORING PROGRAM 

cso 014 
This meter was installed just upstream of the regulating structure at CSO 014. This location 
functioned in free-flow conditions for the entire monitoring period. No silt was measured at 
this location. 

HYDROGRAPH REPORT - CS0·014 
NIW t11V4!n 1 LI -n ...---'O:..:c::;;;pth;.;.-------'s;""'lt'.-------'-'ve:c.:lo.::...city:.:....___""T"""_°"'Qu.:..:•,;,,,:ntitV.;.:' -----.~-...;,.Ra;;;;.in.;,,___--r-_--'Pip:;...;e_;ll.;..;•loJit~--r-1.s 

o.~--~-----~------------~~----~-----...L<J.o 
3 A 0 I 

4 -.8 

8 -
I 

: 0 

~ 
I 

n 01"1'"'.r- r-f' ~ ~-../"-..r'v-..r--./"V' r-v--v- V-,;-v-. - j 
f.' -\."-r J A J 

"" - --vv;-_:,v 
·' 
n 

.H~in D.9~ 14 4 

1stu@ 
Ma~ 2D07 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJOINH FLOW MONITORING·V I.DOC 

22Tue 

Depth (In) 

6.41 

4.44 

30.17 

S/3/2007 6:15 AM 

6/4/2007 10:45 AM 

!Fri 
Date 

8 Fri 

Velocity (ft/s) 

2.57 

1.62 

4.90 

6/3/2007 6:15 AM 

6/4/2007 10:45 AM 

Calculated Flow (mgd) 

2.11 

0.77 

32.66 

6/3/2007 6:15 AM 

6/4/2007 10:45 AM 

16 



GNH0016-076

SI IORT-TCRM rLOW MONITOrllNG rROGf'lAM 

CS0015 

This meter was installed upstream of the regulating structure at CSO 015 just outside the 
siphon house. This location functioned in free-flow conditions for most of the monitoring 
period. There were brief periods of surcharge during wet weather events. No silt was 
measured at this location. 

HYDROGRAPH REPORT - CS0·015 
New Haven, CT 

-32-t------1--~----t----------tt---flt~----t----1-----1-------t-2.4~ 

~~ uij 
~ a u~ 

o~--_._ _____ _._ _______ __,, ____ _ __._ ____ _ _._ _____ ~.o 

~ 00 l. 

l8 

0 

.. 75 

-. 25 

~ ·-v•v- ~r1-.rv'v.A.i •, "v·'"'-'· V..-r --v-,v-v ' ..-v-1.-· -\/'- ·v-v- oJ .l~- · v". t"'-.f.;v·-v- r\~\r. Ii -v~•,,rv'-) 
.. 00 

~---.------..-------_.,, .... ~· .... ;~------....-------.------s ... ; ... ·~~'" 
1s h,. 22 h.o 1 Fri e l::n 1s

1
1'rl 

May 2007 D•te 

Depth (In) Veloclty (ft/s) Calculated Flow (mgd) 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJOINH FLOW MONITORING-V1 DOC 

12.17 

8.63 

57.60 

6/17/2007 5:45 AM 

5/16/2007 10:45 PM 

1.41 

0.94 

4.36 

6/17/2007 5:45 AM 

5/1 6/2007 10:45 PM 

2.33 

0.96 

32.33 

6/17/2007 5:45 AM 

5/16/200710:45 PM 

17 



GNH0016-077

SHORT-TERM FLOW MONITORING PROGRAM 

CS0016 

This meter was installed upstream of the regulating structure at CSO 016 at the intersection 
of River Street and Poplar Street This location functioned in free-flow conditions for most of 
the monitoring period. There were brief periods of surcharge during wet weather events. 
Silt was measured at 16.0 inches at this location. 

HYOROGRAPH REPORT - CS0-016 
New Hav4Ul, CT -45

-r-__ o_e-'-pth,_ _____ s1_,1tr--____ ve_1c_tity-'----.---'Q'-ua_n_tlty"-----.----Ra_in __ -.--__ P l.._Pe_H_el~oht _ _.,..
2

,
0 

o~--~-----~-------~~----~-----~-------'-Q.O 

6 0 .o l . 

.- -
6 -

.4 -

0 

.2 I l I I I 
~!'v• •. I\ ~ ;.. N-J~v-J~N~r ,_1 \f 11~. V"V'"/v -~VA V ' V-".~ r .. 1/fvlt'v"(,-,) •' I V • . ..., .., ~ 

.o 

'----.-------.--------'""'~ ..... ·~"1-4------..-------..------~' :~·~~Tu 
is }uo 22 .\-uo 1~,; e ~ri u 1

Fri 
May 2007 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJO/NH FLOW MONITORING-V1.00C 

Depth (In) 

23.67 

21 .71 

47.34 

6/11 /2007 4:30 AM 

6/4/2007 10:45 AM 

Date 

Veloclty (ft/s) 

0.45 

0.20 

1.60 

6/11/2007 4:30 AM 

6/4/2007 10:45 AM 

Calculated Flow (mgd) 

0.67 

0.23 

6.34 

6/11/2007 4:30 AM 

6/4/2007 1 0:45 AM 

18 



GNH0016-078

SHORT-TERM FLOW MONITORING PROGRAM 

CS0017 

This meter was installed in the regulating structure at CSO 017. Due to excessive silt and 
luw fluw, tht! vdudty mett!r was unablt! tu pruvitlt! accurate measurements. The data from 
this site will not be included in the final hydraulic model verification. This is not anticipated 
to be detrimental to the verification task, as meter data is available at several sites along the 
Front Street Interceptor. 

CS0018 

This m.eter was installed in the regulating slrucLw·e al CSO 018 in Lomba1·d Slreet. TI1is 
location functioned in free-flow conditions for the entire monitoring period. No Silt was 
measured at this location. The percent up-time for this meter was 86.36 percent, which is 
less than the required up-time of 93 percent. 

HYDROGRAPH REPORT - CS0-018 
New Haven, CT -48 ,--__ o_ep

0
<1i _____ s....,11tr---------'--,.---Qu'-•-'-(lbl)'-· '---r---Ra_ i_n --,.--Pip'-e_11_elo"'"t'l_t -.,..7.S 

oL--...L~~=::::::::::::lb~~~~~=~l!::::::~~~~::±~=ci=::=:k::::~:::::::::::::::::::::d.o.o 
J.2 .oo I 

2 ... 

Q 
'" ~ 1 .6 
!I 
c'E 

0.8 

00 I 

L 
May 2007 

15 Tuo 

~,.....,~v v "\r"' t'\!~,/iJ'\/"\./J'\f"'\r- - . 
u v 

o.~ 
L -

22 Tue 1 Fri 
Date 

0 .n 

o. 

0 

... _ I I. l /J u u u ~ . I U iU \i V . 

.2S 

00 

J.s~ain 
- 4.01 

BFri 15 Fri 

Depth (In) Velocity (ft/s) Calculated Flow (mgd) 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJO~H FLOW MONITORING-V1.DOC 

1.69 

0.78 

12.52 

5/29/2007 2:30 AM 

5116/2007 10:30 PM 

3.14 0.18 

0.94 0.018 

8.15 7.07 

5/29/2007 2:30 AM 5/29/2007 2:30 AM 

5/16/2007 10:30 PM 5/16/2007 10:30 PM 

19 



GNH0016-079

SHORT-TERM FLOW MONITORING PROGRAM 

CS0019 
This meter was installed at the intersection of Front Street and Chatham Street near the site 
of the old CSO 019 regulating structure. This location functioned in free-flow conditions for 
the entire monitoring period. Silt was measured at 0.50 inches at this site. 

The site report indicates that this meter was installed in a 30-inch diameter circular ductile 
iron pipe. Record drawings and hydraulic model data indicate that the Front Street 
lnlerceplor is a 28-inch x 48-im::h box in U1is localion. IL is believed Uial U1e flow meler was 
installed in the wrong manhole and possibly measured flows in the stonnwater system. 
Further investigation will be necessary to resolve this issue. 

HYDROGRAPH REPORT - CS0-019 
New Haven, CT -32,..-__ o_e"-ipthr-_-_- _--_-:'._-'kr_-_-_-_-__ v_e_l<>O_~---_-.--_-~~u_n'.::_ity~---. ..-_-__ Raln _______ .-__ ~~P~-H-~~t__-.,2 .0 

o..L==~~-=----...:_1...:=;;;;::=----':........:..~-1--'"----=::'==L-=---==-==...:.==cl=:::==========I. 

3.6~--~-----~-------~----~-----~------r 

§ ~ 
!: 1 . e+----1--1----1t---------t----1----1------+------HJ.50~ 

~ ~ 
o.g-1----1---,ir------1t---------11----+1t---1-----..---1------HJ.25 

0.01-"-~'-"'-"--'-''--'a...;-=-_._""--''--"--=-....:_.:._::......;._.__,_,"'--'.........:.--...,,__-"-''-"'-"'~.!-.<:......;1.._,_-"'-.;:....i..;:-.:.-'--'&...:......&-Q,OO 

'----~----~--------'~~·~~~1-----~-----~---__,,~· ..... ~~ln 
15 Tue 22 Tue 1 Fri B ~n LS 

1
Fri 

May 2007 

Average 

Minimum 

Maximum 

Time of Minimum 

nme of Maximum 

NJJLHNH ~LOW MUNI I UHINli-Vl.UU(; 

Depth (In) 

8.36 

6.03 

30.40 

512312007 4:45 AM 

5116/200710:30 PM 

Date 

Velocity (ft/s) 

0.33 

0.06 

2.10 

5/23/2007 4:45 AM 

5/16/2007 10:30 PM 

Calculated Flow (mgd) 

0.26 

0.026 

6.76 

512312007 4:45 AM 

5/16/2007 10:30 PM 



GNH0016-080

SHORT· TERM FLOW MONITORING PROGRAM 

CS0021 

This meter was installed upstream of the East Street Pump Station and regulating structure 
at CSO 021. This location functioned in free-flow conditions for the entire monitoring 
period. However, backwater conditions during wet weather should be anticipated given the 
close proximity of the East Street Pump Station. Further, surcharge was observed upstream 
at East/ Ives and backwater conditions were observed upstream at CSO 010. No silt was 
measured at this site. 

HYDROGRAPH REPORT- CS0-021 
New Haven, Cf -Depth Silt vclocley Quonl>ty Roin rtipQ Height 

oo~--..;...,...-----~-------'---.---~...;...;.:.--.------.----'---=-----N. s 

I 
72-t----t--·ll-----1---------lt---+-+----~-----1------1-.3 . 6 

§sq-t----+-+t-----+----------tt----t~~"l'T"-!t--·tt----:---i-.------i-•. 7I 
i 
ti 36 1.8 ~ 

o,_._ __ _._ _____ _._ ________ ..__ ____ _,.__ ____ __. _____ --'-0 

45.~---T"-----~--------.-------.------.------.-

36+----+-------+--------l----Til----'f-------1------t0.8 

May 2007 

Depth (In) Velocity (ftls) Calculated Flow (mgd) 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJOINH FLOW MONITORING-VI.DOC 

38.79 

31.21 

88.27 

5/26/2007 6:00 AM 

5116/2007 11 :00 PM 

0.91 

0.44 

3.37 

5/26/2007 6:00 AM 

5/1 6/2007 11 :00 PM 

8.89 

3.82 

44.22 

5/26/2007 6 '.00 AM 

5/16/2007 11 :00 PM 

21 



GNH0016-081

SHORT-TERM FLOW MONITORING PROGRAM 

cso 021 
This meter was installed upstream of the East Street Pump Station and regulating structure 
at CSO 021. This location functioned in free-flow conditions for the entire monitoring 
period. However, backwater conditions during wet weather should be anticipated given the 
close proximity of the East Street Pump Station. Further, surcharge was observed upstream 
at East/Ives and backwater conditions were observed upstream at CSO 010. No silt was 
measured at this site. 

HYOROGRAPH REPORT - CS0-021 
New Haven, er 

--------~S•-t-~~--t--+t--~~--;1--~~~~~~--tt----i ·~...--+--llt--~~,...--t--..~~~~ 

i 
0 J6·..W-::Y:::,rl"'d~"tR~J..»..f!>ff~·~rP-..~....,,._.........,..,:...,P>-..l'h-?l.i.R11->.4-;r-__:_,~~-=~,p.,.j~4-P..A""""'p...;.~,.p.;. 1 ,e~ 

,.....;.~~l>lkl.9 

o-'-~~-'-~~~~--''--~~~~~~~'--~~~~-'-~~~~~-'-~~~~--41 

~s-.-~~-,-~~~~--,.---~~~~~~~.---~~~~-.-~~~~~-.-~~~~--.-

§21-t-~~-t---11--~~--;1--~~~~~~~1--~~~~~-1-~~~~~-1-~~~~-+<J 
~ 
~lG-t-~~-t---11--~~--;1--~~~~~~--\t--~-'-l~~-t-~l'--~--,~-1--~~~~~1 
a: 

-'---'-~-'---"~L-~--''--~~~~~~--''--~--~~-'--'"~--'---'~-'--'-~~ ......... --'-0.0 

'--~~~~~~~~~~~~~~~·~e~~~~~~~~~~~~~~~~.---~~~_.,.10HJ~m 
15 Tu• 22 Tue I Fri 8 ~rl u 1

Ftl 
May 2007 

Average 

Minimum 

Maximum 

Time ol Minimum 

Time of Maximum 

NJ.JO/NH FLOW MONITORING·VI DOC 

Depth (In) 

38.79 

31 .21 

88.27 

5/26/2007 6:00 AM 

5/16/2007 11 :DO PM 

Datt 

Velocity (ftls) 

0.91 

0.44 

3.37 

5/26/2007 6:00 AM 

5/16/2007 11 :00 PM 

Calculated Flow (mgd) 

8.89 

3.82 

44.22 

5/26/2007 6:00 AM 

5/16/2007 11 :00 PM 

21 



GNH0016-082

SHORT-TERM FLOW MONITORING PROGRAM 

CS0024 

This meter was installed upstream of the Boulevard Pump Station and regulating structure 
at CSO 024. This location functioned in free-flow conditions for most of Ute monitoring 
period. Backwater conditions were observed during wet weaUter, most likely a result of a 
higher level in Ute wet well at Boulevard Pump Station. No silt was measured at Utis 
location. 

HYDROGRAPH REPORT - CS0-024 
New H1v1n, CT -Js..---'D--'op,_.,<ll _____ s_,ilt.------v-'-ol-'-'oo-"'tv--..-----'Qu"'-_'-. ....;.llY..__,.--_ _ Ra""-in ____ _,__--'Plpe'-'--He"""lo'-ht'---.-2•4 

K'o 
~ 
~ "+----t---rt---:-----;1--------~ 

o~---'-------'~--------'------'------~-----'"<l.O 
~ L® 

27-t-----1---1------;1--------l---Al----l------1------Hl.75 

o..____. _ _.__._...._ _ __.~------~--------'-_.._ _ _.__.__~_._ ___ _._._,o,oo 

1s tut 
Mav2001 

0-9~ 
125 9 

I Fri 
Dat<t 

,,;·~t~Jll 

Depth (In) Velocity (ft/s) Calculated Flow (mgd) 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

N.JJOINH FLOW MONITORING-V1 DOC 

18.83 

13.19 

69.75 

6/18/2007 6:00 AM 

6/1 /2007 2:00 AM 

1.38 

0.64 

2.42 

6/18/2007 6:00 AM 

6/1 /2007 2:00 AM 

9.89 

5.36 

39.92 

6/18/2007 6:00 AM 

6/1 /2007 2:00 AM 

22 



GNH0016-083

SHORT· TERM FLOW MONITORING PROGRAM 

East/Ives 
This meter was installed upstream of the overflow at East St./ Ives Place in the East Street 
Interceptor. This location functioned in free-flow conditions for most of the monitoring 
period. Surcharging was observed during wet weather. No silt was measured at this site. 

HYDROGRAPH REPORT - East/Ives 
New Haven, CT -?s~--"O""l!ll'""th ____ ---"S-illt.------"-'-cl..o..;.od..._lY _ _,...._...oQu'""a~ntJty~..__,,...---11.-•in __ -.--~'--'·p_c_H•-'io'-ht _ _,.:J.& 

O...._--~----~~------~-----~-----~------'-Q.O 
36 1.00 

27+------1---------tl----------t---T+----+------1------t-'0.75 

15 tol! 22 h.a 1.5
1rn 

May 2007 

Depth (In) Velocity (ft/s) Calculated Flow (mgd) 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJOINH FLOW MONITORING·V1 DOC 

18.17 

13.84 

71.16 

6/3/2007 6:30 AM 

6/4/2007 11 :00 AM 

1.86 

1.11 

3.57 

6/3/2007 6:30 AM 

61412007 11 :00 AM 

6.08 

2.48 

33.56 

6/3/2007 6:30 AM 

61412007 11 :00 AM 

23 



GNH0016-084

SHORT-TERM FLOW MONITORING PROGRAM 

Canal 
This meter was installed on the East Street Interceptor in Canal Street, south of Munson 
Street. This location functioned in free-flow conditions for the entire monitoring period_ No 
silt was measured at this location. 

HYDROGRAPH REPORT - Canal 
New Haven, CT -o...----'-oo""p.;;..th ____ .......;...•~.;,.t ____ -.V•:....;lo""'city"---~-"""Quan;;..;;.·.;..;;tity;;;.:___~--'-"Ra""i"---.--PltJ...;.' "'"e H--'c"'"loht-'---.-.'•·O 

!i. .4a 
+-~"-+--f'--'--4--'t-~-r-H-'ol-'r-¥--T--¥-il'-T-t--t-!l-'.__.-~,,__.'-1'"-"--"--~~--............ ~-----i-.1 .6~ 

12+----1------t--- -----1------1------+--- ----KJ,8 
o.._ __ _._ _____ .__ _______ .__ ____ _._ _____ ..__ ____ --'-{J 

•1 .0·~---.------~-------~----~-----....------.-. 

3.2+-- --+---'r-----1---------1----.+---t------+-------HJ.8 

o.o...__. _ _.___.,.__....._ __ .__ ______ __..__ _ ____ _.__... _ _..__._..___._ __ _..___,o 

15 hie 22 rue s ~. 1 
2~·i!a11n 

May 2007 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJOrf\IH FLOW MONITORING-\11.00C 

Depth (In) 

4.48 

2.18 

9.36 

5/28/2007 4:15 AM 

6/4/2007 11 :15 AM 

Velocity (ft/s) 

2.02 

1.23 

3.77 

5/28/2007 4:15 AM 

6/4/200711:15AM 

Calculated Flow (mgd) 

0.90 

0.19 

4.49 

5/28/2007 4:15 AM 

6/4/2007 11 : 15 AM 

24 



GNH0016-085

SHORT· TERM FLOW MONITORING PROGRAM 

Ferry (Barnes Quinnipiac) 
This meter was installed at the intersection of Ferry Street and Fairmont Street to measure 
flows from the Barnes Pump Station and Quinnipiac Pump Station area of the collection 
system. This location functioned in free-flow conditions for most of the monitoring period. 
Surcharging was observed during wet weather. No silt was measured at this site. 

HYDROGRAPH REPORT • Ferry 
New Haven, Cl -40~ __ D_•~Pth _____ s_i1t~ ____ v_el_0<_1ty~---Q~u_an_tity~-~--R_a_ln __ ~-P~fp_H~lgti_t_~2 . .5 

s 2·1-+----1'-_._..;......J'--&.->--"-!o'-';......t.-JJ--ll-.1-J>-- 1-

-s 
~ 16if'"rf"'if\l""t't''tf'<'"tMMJ'\f'if'/tfo'1:jr:"(j~;:<,;f"'ii'°'\1'iJV'iF;"iiil't.l;;1";",'<V'\i"'l:f;;'\Ff7Vif""'Tl"'\'Pi1'C"ir.:7ti"lf""i"f'llY\117'iiV'iPt1 ·0 ~ 

-+-----1------+------- --+------ r-----+-------10.s 
_,__ __ _.__ _____ .__ _______ ..__ ____ __,_ _____ ...__ ____ __,~.o 

~--~-----~---------~--~-----~-----..1 .0 

~ ]~--.............. --~~-----+-------~ 
~ :l-l ..... il-11-"-I 
u: 

o.....___._ _ _.__.~....._---''-----------"'--------'--"'-......... __.-_.___._ __ _...._~.o 

22 Tue 

0.9~ 1IQ: ,~·~·., 

May 2007 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJOINH FLOW MONITORING-VI DOC 

Depth (In) 

14.76 

9.91 

38.51 

6/21/2007 3:30 AM 

6/4/2007 11 :OO AM 

I Fn 
Date 

Velocity (ftls) 

1.75 

1.25 

2.56 

6/21/2007 3:30 AM 

6/4/2007 11 :00 AM 

Calculated Flow (mgd) 

2.32 

1.05 

5.22 

6/21/2007 3:30 AM 

6/4/2007 11 :OO AM 

25 



GNH0016-086

SHORT-TERM FLOW MONITORING PROGRAM 

Woodward 
This meter was installed near Woodward Avenue in the Annex Club parking lot to measure 
flow from the Woodward, Lighthouse, Morris area of the collection system. This location 
functioned in free-flow conditions for the entire monitoring period. No silt was measured at 
this site. 

HYOROGRAPH REPORT - Woodward 
New Haven, CT -45...---0-'Q"'-llt .... t. ____ __;;,.Sill..;,.-____ V_;ll_lootV~· '---...--""Qu;;.;;a"""nt""ltv'---~--R-'-•_in __ ~__:.i>-....:.P.;;..•_;H•;;..::lgll'-t'-~•20 

3& 16 

0·-"---~-----~-------~------'------~------'-0 
7,5 1.0 

0 !l urH>-t-t-->-tiMftm-'TfiitWrfviitffv:l~ftfnv.M"r.it'tr.f'r-f<rlm~\tft'ff"rnTvtrrtirmr.;trr;ii;:frfmu;::;n~·6 ! 
l: 3.0 1----4----__;.-+--'--~'-"--"--\l-.11.....,;~ •C-1"-~-"'----l--'--l'--'-+-'
u: 

1 .~'f-----i-------+---------1---·t+----t-------+-------HJ.2 

0.0-'---"--'---------~----------------'---"'----...._,..__~_... _ _ _...___,0 

May 2007 

Average 

Minimum 

Maximum 

IS hi~ 

Time of Minimum 

Time of Maximum 

NJJ<WH FLOW MONITORING-V1.00C 

Depth (In) 

4.86 

3.35 

6.72 

6/19/2007 2:45 AM 

5/13/2007 2:00 PM 

0.9~ gr; n 

1 Flt 
Date 

a ~n 

Velocity (fits) 

10.76 

9.12 

12.42 

6/19/2007 2:45 AM 

5/13/2007 2:00 PM 

o~·~~1" 

Calculated Flow (mgd) 

4.34 

2.52 

7.35 

6/19/2007 2:45 AM 

5/13/2007 2:00 PM 



GNH0016-087

SHORT· lERM FLOW MONITORING PROGRAM 

NH-04 
This meter was installed at the intersection of Winchester Street and Cave Street, coincident 
with one of the historical long-term boundary meters. This location functioned in free-flow 
conditions for the entire monitoring period. No silt was measured at this location. 

25 
Silt 

HYDROGRAPH REPORT· NH·04 
New Haven, CT -Rain 

~ 
~H·Ht+-f>rlw':t-t'-llt-l+--11-r:ri~Hc:-4*-~'k-tHH:rlt-IT--Mlclr-'r-:rHc!-\..-t\-,ilrl+Hf-l'r.,-/"f.-f'rl"1-f·HH-f':-+.~f.1rf"rf'H-1.s ~ 

~ 10 1 .0~ 

.JDDE.~D[.}LJ~~IL.1.l~'lf:::J.~':J:jjDC:~'.:'!r~~~fYl[:iDl.~~JCj~~J:::.ll.:£.fio .. s 

o~--_._-----~-------~-----_._-----~-------. 2.0...----.------.-----------.--------.-------.--------.-

§ 1.2-t-----t--,ic-------+---------t----<f+----f-------+------
! 
~ M+.1-~,h+h1Hl+tt--T\-T.-;r-ftt-ft--R--f'r"·Ar-t-i,-.-i;..-k-·fll1·1t--,-. t 
u: 

Mav 2007 
22 .\.ie l Fri 

D•le 

Depth (In) Veloclty (ft/s) Calculated Flow (mgd) 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJO/NH FLOW MONITORING-V1.DOC 

6.46 

4.59 

11.74 

6/1/2007 5:15 AM 

6/4/2007 11 :00 AM 

1.36 

0.67 

2.67 

6/1/2007 5:15 AM 

6/4/2007 11 :00 AM 

0.62 

0.18 

2.49 

6/1 /2007 5:15 AM 

6/4/2007 11 :oo AM 
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SHORT-TERM FLOW MONITORING PROGRAM 

NH-11 
This meter was installed at the intersection of East Rock Road and Livingston Street, 
coincident with one of the historical long-term boundary meters. This location functioned in 
free-flow conditions for the entire monitoring period. No silt was measured at this location. 

When the depth drops below 10.5 inches at this site, the velocity sensor recorded zero values 
for velocity, indicating a clear flow. Oear flow is often characteristic of infiltration. In order 
to provide flow measurements at this site, velocity data was reconstituted using the 
velocity-depth curve for low flow periods. 

HYDROGRAPH REPORT· NH-11 
New Haven, CT -.io....---o_,el>t..,.h _____ Si.,lt _____ v_elo_cit_..v _ _,,------'t'l._uon_ 11_,1Y _ _,,_...--R•_1n __ _, __ P"'"lp_H~~lg'-ht_-.-:J.6 

JU-i----;-------1---------tr-------t------1-------1-:1.1 

~ f'' '~tV11"1f t1tf i"i f ~/'"\r"\f'1f· ~ 
1 ~0-1----i------1--------1r-------+------1------ + 1.oa 
0 ~ 
101.t!-,)l__JLl.:.V:JL:..\DOl:.JLJL::~DJ~~~J::i;~~~J)J~.\Llt'.\tij~~~~t::lj,';).j:.~J4N-~':l,/:=~o.9 -

01~---'------~-------~----~-------------""<>.0 
6.0 1.0 

o.o~~-_._~__..__ _ __. _______ _...~-----'---~~-~_._ ___ --"'-0.0 

15 tue 22 tue 

0.9~ 70 s 

e ~ri 
6~.;~oln 

May 2007 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJOINH FLOW MONITORING-V1 .DOC 

Depth (In) 

11.92 

8.73 

16.15 

6/20/2007 5:45 AM 

6/4/2007 2:00 PM 

I Fr 
oate 

Veloclty (ftls) 

2.29 

1.92 

2.69 

6/20/2007 5:45 AM 

6/4/2007 2:00 PM 

Calculated Flow (mgd) 

3.23 

1.70 

5.36 

612012007 5:45 AM 

61412007 2:00 PM 
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SHORT· TERM FLOW MONITORING PROGRAM 

NH-12 
This meter was installed in Brookside Avenue between Wilmont Avenue and Wintergreen 
Avenue, coincident with one of the historical long-term boundary meters. This location 
functioned in free-flow conditions for the entire monitoring period. No silt was measured at 
this location. 

HYDROGRAPH REPORT - NH-12 
New Haven, CT -32~--'De=pth;.;,_ ____ .:.;.Silt.;;,.-____ vc:oe l;;;;.;• crtv;;.;;' '---~-""'Qu:;.;;a..;;;nc'"'•tY--~--'-R"'-a •;..;.n --~-P..:;.IP .:..t H....;e;;o:•O-"-~t _ _.,..2•0 

24 ·1----i------·~--------------i------+-------+-u 
~ 

"Gb\<tkfd~~~~~:ltP.ct~ff~~ref":r;.ttm.t;1r1t;,~#.><;itttrF11~u'*1 .oJ 
~ 

+----+-------1----------+-------i--------1------~. ~-

0-'--- --'-------'------ - --'-------'-------'-------'-0.0 
2.S 1,0 

§ l.)-l--__;.-i;..-1;....-L-~l-\,-\l--~ l>'~-1'¥-\.!14 
!: 
~ i.o -1----+------+-------'---+-------1------+-~~-~--'-f· 
IL 

0.5-1----1-------1---------1---"=t----+-------1---- --;·-o.2 

0,0....__. _ _.___.L-....._ __ ....__ _______ _.._ __ ..-.. _ _ _.__... _ _..___.'---'--'------'-O.O 

15 h,, 22 \.ue 
D.9~ ,, 2 ,~·~~~l rt 

May 2007 

Average 

Minimum 

Maximum 

Time of Minimum 

Time of Maximum 

NJJO/NH FLOW MONITORING-V1 DOC 

Depth (In) 

15.71 

13.52 

18.45 

6/21/2007 4:15 AM 

5/12/2007 10:30 AM 

I F'n 
Date 

Velocity (ft/a) 

0.93 

0.64 

1.31 

6/2112007 4:15 AM 

5/1212007 10:30 AM 

Calculated Flow (mgd) 

1.59 

0.91 

2.68 

6/21/2007 4:15 AM 

5/12/2007 10:30 AM 
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SHORT-TERM FLOW MONITORING PROGRAM 

Observations 
Overall, the flow monitoring data is of acceptable quality. However, there are some 
inconsistencies that must be taken into consideration during hydraulic model verification. 
In general, a small number of data issues are to be expected during a flow monitoring study 
of this magnitude. It is not anticipated that the issues identified below will negatively 
impact the results of this effort. 

• Data Availability- All meters met the required 93% up-time with the exception of CSO 
018. This meter recorded data during 86.36% of the monitoring period. 

• Mass Balance Discrepancy (CSO 013, NH-04, and NH-11) - The flow metered at CSO 
013, NH-04, and NH-11 combines and flows through the site metered at CSO 012. The 
sum of the average flows at these three sites is 4.1 mgd, whereas the average flow at 
CSO 012 is 3.6 mgd. This represents a balancing error of approximately 0.5 mgd, a 12.5 
percent difference that may be attributable to time of travel between sites. This 
difference will be considered during the model verification task. Model calculations will 
differ slightly from data and it is reasonable to expect all four sites to meet model 
verification criteria and balance properly in the model. 

• CSO 017 - Due to excessive silt and low flow depths, the velocity sensor was unable to 
provide accurate measurements at this site. Therefore, flow data could not be calculated 
for this site. This will not affect the model verification task as there are numerous sites 
nearby on the Front Street Interceptor. 

• CSO 019 - It is believed that this flow meter was installed in the wrong pipe. Field 
investigation is necessary to resolve this issue. The flow data from this meter will not be 
included in the initial model verification. 

• Silt Depths - Significant silt deposits were measured at a number of meter sites. These 
depths will be compared to those currently included the hydraulic model and adjusted if 
necessary. 

NJJOINH FLOW MONITORING·V1.00C 30 
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Project Commentary New Haven, CT New Haven, CT Temporary Flow Monitoring Study - Final Report 

July 23, 2007 

Mr. William E. McMillin, JR., P.E. 

CH2M HILL 

99 Cherry Hiii Road, Suite 200 

Parsippany, NJ 07054-1102 

Letter of Transmittal 

SUBJECT: New Haven, CT Temporary Flow Monitoring Study 

Dear Mr. McMillin, 

ADS is pleased to submit the Final Report for the New Haven, CT Temporary Flow Monitoring 
Study conducted for CH2MHILL. 

Presented in this report are hydorgraphs, scattergraphs and longtables of the data collected and analyzed 
from Friday, May 11, 2007 to Thursday, June 21, 2007 . Also included are Excel files containing Depth, 
Quantity, and Velocity entities for each flow monitoring location and rain gauges in 15-minute format. 
Please note the minimum and maximum rates recorded on the daily tabular data are absolute versus 
average fifteen minute data. 

In addition, we would be happy to further explain any details about the report that may seem unclear. 
Should you have any questions or comments, please contact the Project Manager, George Elaro at (845) 
268-1201 or me at ext. 222. 

Thank you for choosing ADS products and services to meet your flow monitoring needs. 

Sincerely, 
ADS ENVIRONMENTAL SERVICES 

Rodianne Cadet 
Data Manager 

4940 Research Drive • Huntsville, AL 35805 • phone: 256-430-3366 • Fax: 256-430-6633 

http://www. flow view .com/flow View Portal/PrinterFriendly .aspx ?BookshelflD=344&Bi nderlD=3&rptlD=... 8/ 15/2007 
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Project Commentary New Haven, CT New Haven, CT Temporary Flow Monitoring Study - Final Report 

Methodology 

Introduction 

Background 

CH2M HILL entered into agreement with ADS Environmental Services to conduct flow monitoring at twenty
five (25) metering locations with three (3) rain gauges located in New Haven, CT. The study was for a 
monitoring period beginning on Friday, May 11, 2007 and ending on Thursday, June 21, 2007 . The 
objective of this study was to measure depth, velocity, and quantify flows. 

Project Scope 

The scope of this study involved using a temporary flow monitor to quantify wastewater flow at the 
designated locations. Specifically, the study Included the following key components: 

• Investigate the proposed flow-monitoring site for adequate hydraulic conditions. 

• Flow monitor Installation. 

• Flow monitor confirmations and data collections. 

• Flow data analysis. 

Equipment and Methodology 

Flow Quantification Methods 

There are two main equations used to measure open channel flow: the Continuity Equation and the 
Manning Equation. The Cootln"'ity E_quatio.o, which is considered the most accurate, can be used If both 
depth of flow and velocity are available. In cases where velocity measurements are not available or not 
practical to obtain, the Manning_E._quation can be used to estimate velocity from the depth data based on 
certain physical characteristics of the pipe {I.e. the slope and roughness of the pipe being measured). 
However, the Manning equation assumes uniform, steady flow hydraulic conditions with non-varying 
roughness, which are typically invalid assumptions in most sanitary sewers. Both the Continuity and 
Manning Equation was used for this study. 

Flow Monitoring Equipment 

The monitor selected for this project was the ADS Model 3500-flow monitor. This flow monitor is anarea 
velocity flow monitor that uses both the Continuity and Manning's equations to measure flow. 

The ADS Model 3500-flow monitor consists of data acquisition sensors and a battery-powered 
microcomputer. The microcomputer includes a processor unit, data storage, and an on-board clock to 
control and synchronize the sensor recordings. The monitor was programmed to acquire and store depth 
of flow and velocity readings at 15-minute intervals. 

Three types of data acquisition sensors are available for the Model 3500 flow monitor. The primary depth 
measurement device is the ADS quad-redundant ultrasonic level sensor. This sensor uses four 
independent ultrasonic transceivers in pairs to measure the distance from the face of the transceiver 
housing to the water surface (air range) with up to four transceiver pairs, of the available ones, active at 
one time. The elapsed time between transmitting and receiving the ultrasonic waves is used to calculate 
the air range between the sensor and flow surface based on the speed of sound in air. Sensors in the 
transceiver housing measure temperature, which is used to compensate the ultrasonic signal travel time. 
The speed of sound will vary with temperature. Since the ultrasonic level sensor Is mounted out of the 
flow, it creates no disturbance to normal flow patterns and does not affect site hydraulics. 

Redundant flow depth data can be provided by a pressure depth sensor, and is independent from the 
ultrasonic level sensor. This sensor uses a piezo-resistive crystal to determine the difference between 

http://www. flowview .com/flow ViewPortal/Pri nterFriendly .aspx ?BookshelflD=344&Bi nderlD=3&rptlD=... 8/ 15/2007 
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hydrostatic and atmospheric pressure. The pressure sensor Is temperature compensated and vented to the 
atmosphere through a desiccant filled breather tube. Pressure depth sensors are typically used in large 
size channels and applications where surcharging Is anticipated. Its streamlined shape minimizes flow 
distortion. 

Velocity is measured using the ADS V-3 digital Doppler velocity sensor. This sensor measures velocity in 
the cross-sectional area of flow. An ultrasonic carrier is transmitted upstream into the flow, and is 
reflected by suspended particles, air bubbles, or organic matter with a frequency shift proportional to the 
velocity of the reflecting objects. The reflected signal Is received by the sensor and processed using digital 
spectrum analysis to determine the peak flow velocity. Collected peak velocity Information is filtered and 
processed using field confirmation information and proprietary software to determine the average velocity, 
which is used to calculate flow quantities. The sensor's small profile, measuring 1.5 inches by 1.15 Inches 
by 0.50 inches thick, minimizes the affects on flow patterns and site hydraulics. 

Installation 

Installation of flow monitoring equipment typically proceeds In four steps. First, the site is investigated for 
safety and to determine physical and hydraulic suitability for the flow monitoring equipment. Second, the 
equipment is physically installed at the selected location. Third, the monitor is tested to assure proper 
operation of the velocity and depth of flow sensors and verify that the monitor clock is operational and 
synchronized to the master computer clock. Fourth, the depth and velocity sensors are confirmed and line 
confirmations are performed. A typical flow monitor installation is shown in Figure 2.1. 

The installations depicted in Figures 2.1 are typical for circular or oval pipes up to approximately 104-
lnches in diameter or height. In installations into pipes 42-inches or less in diameter, depth and velocity 
sensors are mounted on an expandable stainless steel ring and Installed one to two pipe diameters 
upstream of the pipe/manhole connection in the Incoming sewer pipe. This reduces the affects of 
turbulence and backwater caused by the connection. In pipes larger than 42 inches in diameter, a special 
Installation Is made using two sections of the ring Installed one to two feet upstream of the pipe/manhole 
connection; one bolted to the crown of the pipe for the depth sensor, and the other bolted to the bottom 
of the pipe (bolts are usually placed just above the water line) to hold the velocity sensor. 

Figure 2.1 Typical Installation 

Large Pipe ( > 42" Di11meter) Small Pipe ( 8" to 42" Diameter) 

http://www.tlowview.com/flow View Portal/Pri nterFriendly .aspx ?BookshelfID=344&B i nderlD=3&rptID=... 8/ 15/2007 
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Data Collectlon, Confirmation, and Quality Assurance 

During the monitoring period, field crews visit each monitoring location to retrieve data, verify proper monitor 
operation, and document field conditions. The following quality assurance steps are taken to assure the integrity of 
the data collected: 

• Measure Power Supply: The monitor Is powered by a dry cell battery pack. Power levels are recorded and 
battery packs replaced, if necessary. A separate battery provides back-up power to memory, which allows the 
primary battery to be replaced without the loss of data. 

• Perform Pipe Line Confirmations and Confirm Depth and Velocity: Once equipment and sensor 
installation is accomplished, a member of the field crew descends into the manhole to perform a field 
measurement of flow rate, depth and velocity to confirm they are in agreement with the monitor. Since the 
ADS V-3 velocity sensor measures peak velocity In the wetted cross-sectional area of flow, velocity profiles are 
also taken to develop a relationship between peak and average velocity in lines that meet the hydraulic criteria. 

• Measure Slit Level: During site confirmation, a member of the field crew descends into the manhole and 
measures and records the depth of silt at the bottom of the pipe. This data is used to compute the true area of 
flow. 

• Confirm Monitor Synchronization: The field crew checks the flow monitor's clock for accuracy. 

• Upload and Review Data: Data collected by the monitor is uploaded and reviewed for comparison with 
previous data. All readings are checked for consistency and screened for deviations In the flow patterns, which 
indicate system anomalies or equipment failure. 

Data Analysis and Presentation 

Data Analysis 

A flow monitor is typically programmed to collect data at either 15-minute or 5-minute intervals 
throughout the monitoring period. The monitor stores raw data consisting of (1) the air range (distance 
from sensor to top of flow) for each active ultrasonic depth sensor pair and (2) the peak velocity. If the 
monitor is equipped with a pressure sensor, then a depth reading from this sensor may also be stored. 
When the field personnel collects the data, the air range is converted to depth data based on the pipe 
height and physical offset (distance from the top of the pipe to the surface of the ultrasonic sensor). The 
data is imported into ADS's proprietary software and is examined by a data analyst to verify its Integrity. 
The data analyst also reviews the daily field reports and site visit records to identify conditions that would 
affect the collected data. 

Velocity profiles and the line confirmation data developed by the field personnel are reviewed by the data 
analyst to identify inconsistencies and verify data integrity. Velocity profiles are reviewed and an average 
to peak velocity ratio is calculated for the site. This ratio Is used in converting the peak velocity measured 
by the sensor to the average velocity used In the Continuity equation. The data analyst selects which 

http://www.flowview.com/flow YiewPortal/Pri nterFriendly .aspx ?Bookshelfl0=344&B inderlD=3&rptID=... 8/ 15/2007 
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~ENVIRONMENTAL 
~SERVICES* ADS Site Re ort Form 

{;tC1 ·1: ( 

.1 ·; ( . 

. . . 
Date/ Time of lnvestigalion: 
Site Hydraulics: e e..p, Sn·: ~o .f ~ 

Upstream Input: (L/S, P/5) Nf 
Upstream Manhole: ON1-. 

+/-

'/1• 1' .. /-r t ·:·: . . 
Feet 

' ... . . 

Manhole Dep1h: 
M:inhole Material I co"''-",• -:· 
Condition: -:::C· : 

FM Initials: ~~ 

Pipe Material I Condition: f~ .. .. ·t' • · 1. .. :·,-. •• 

Mini Syatem Residential Commercial Industrial Other 
Character: 0 ig) 
Tele hone Infom1a1ion: 
Access Pole #: 
Disu1nce From Manhole: 
Road Cut Len h: 

Planar 
No ? Distance . 

Tnmk 
l.ift/Pum 
wwrP 
Od1cr 

Uncontrolled Coov Page 1of2 
,.._,_.., _ _. .. n ,., ,.,nn"> 
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Form 

Dace/ Time of Investigation: Manhole Depth: 
Manhole Material I 
Condition: .fCl'r 

Site Hydraulics: .,,,cf 1 <.-. ·r ,,, ./I, 

Upstream Input: (L/S, P /S) ,t/ Pipe Material/ Condilion: I], .:. ,<"- . 
Upstream Manhole: Mini System Residential Commercial Industrial Other 

Character: ~ 1i'.) 0 
Tele hone lnforma1ion: 
Access Pole #: 

Feet 
Feet 

Cross Section N + Planar N + 
Baclw Yes ? Distance . 

Trunk 
Llft/Pum Station 

QF 675007 Rev AO - . _ .... , ... ·- ""' """' Uncontrolled Coov 
Page 1of2 

• ~ ", .... 1'""'11"\t'\'"°\ 
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Acc~s: 

Dr '"il~ 

Sile Hydraulics: S,ncof i1 ; C' t:-' f p 
Upstream Input: (J../S, P /S) 
Upsrrcam Manhole: 

Cross Section 

Sanitary Storm 
0 0 

+/-

I 1i • f .o 

wed 
~1·11~r 

ft'k1(i!(.·l ·:·tTJ 

P(~ I 'I 

Site Ma 

Manhole Depth: 

MIUlholc Mate~lll I f.., .-;' 
Condlcion: c. :,; 
Pipe Material I Condldon: • ' 

' f ~ I 

Mini System Residential Commercial Industrial Other 
Character: 181 
Tele hone Information: 
Access Pole #: 

Planar 
Baclru 

Trunk 
Lift/Pum Station 
WWf P 
Other .. . .., 

D 0 

,. .. J 
/ \\ 
\ ) 

... ·" 

? 

Jlcct 

Distance 

Page 1of2 
n_! ,_ .__..11 •n.1-,1,nn~ Uncontrolled Coov 
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~ENYIRCNMBNTAL 
.~ SEllVIC.ES 

l , w 

\~ 

Upsttc~m Input: (L/S, P /S) 
Upscrcam Manhole: 

) 

Cross Section 

/ FM Initials: · " 

Manhole Dcpch: 
Manhole Material I ,.. · i: ~ 
Condition: "f 
Pipe Material / Condition: 
Mini System Residential 
Character: 18:) 
Tele hone Information: 
Access Pole #: 

Planar 

1 rv ·;._c, 
c. I 

C' J ....,,. 
~-----·--"--

Industrial Other 
D 

Feet 
Feet 

Baclru Yes No ? Distance 
Trunk 
Llft/Pum Station 

Uncontrolled Coov Page 1of2 
r.-=-&.- ~ .. n ,., 1-tnn., 
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Project Name: 

Adrlress I Loc11tjor~ £,,. . Le 
{J, ,/- h ·k.V? Sf 

Access: 

Df'rve_ 

Date/ T ime oflnvestigation: 

Type of 
System: 

Site Hydraulics: 5/m,,.J1 £n-> ~"" 

Upstream Input: () ,/ S, PIS) 
Upstteg,m Manhole: 

Cross Section 

( 

+/-

Manhole Depth: Cf 
M:anholc Maccrial I $ tV 
Condition: h., r,_ 
Pipe Material I Condition: 
Mini System Residential 
Character: IS(!' 
T ele hone Information: 
Access Pole # : 

'-----------·----------·- -·--·-----
OF 675007 Rev AO 

Form 

N 'C f< ,C, 1< 
Commercial lndustrial Other 

gi D 

Feet 
Feet 
Feet 

Page 1 of? 
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Date/ Time of Investigation: 
Site Hydraulics: Cf,, tv'/.J)r,le, r . . Jr;_ 

Upstteam Input: Q~/S, PI!>) 
Upsrream Manhole: &, 1 

) 

Cross Section N + 
Installation Infonnation 

t; ,; 

QF 675007 Rev AO - . .--·-·-- ........ 

Manhole Depth: 
Manhole Material I 
Condition: ~ r -

Form 

l f /....______ .-
"' I '"":' •.. ~ 

.a ~ 
n 

Pipe Material I Condition: Pr ~· ir.!:. '°"~l ;·-
Mini System Residenti al Com.mcrcinl fodus tri.:d Other 
Character: jg] J8l 0 
Tele hone Information: 
Access Pole #: 

Feet 
F'cet 

) 

Planar 
Backu Yes No ? Dista.ncc 

Trunk 
Lift/Pum Station 
WWl'P 

Uncontrolled Coov 
Page 1of2 

,...._,_ ... _ ...1 .., n 1~ l"'\nt\., 
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~ENVIRONMENTAL 
~J;::.J $ERV«;E$-. 

Site Name: C- ::;_,o •· C· cc· /l · Monitor Si:rics: 
Address I ~ation: J~ .1., '. . .· . · · ,?<,.·" 

(; "' •" ~1 - f . ..,-

·,·;, 
" 'I 

Date / Time of Investigation: 
Site Hydraulics: ~,,.,_,cN: f'/. , 

Upstream Input: (1./S, PIS) 
Upstream Manhole: 

Cross Section 

Peet 

+/· 

Form 

) ·\-: 
" \/! -------

v, 

Manhole Depth: .:2-3' 
Manhole Material I (3,,ic~ 
Condition: 

Industrial Other 
D 

Access Pole #: 
Feet 
Feet 
Feet 

Planar 
Backu Yes No ? Distance 

Trunk 
Lift/Pwn Station 

'---------------------~-~~-- ·---------------------' 
Page 1of2 

n-=-.a.- _, 1 I\,., rinn'3 Uncontrolled Coov 
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Dace/ Time of Investigation: 
Si cc Hydraulics: $,;1 e:;o I t--1 . 

Upstream Input: (J.../S, P/SJ " "' f ' I A-· 
Industrial Other 

0 
Upstream Manhole: Mini System Residential Commercial 

Character: ~ ~ 
Tele bone lnfonnation: 

+/. Access Pole #: 
f'Cct 

Planar 
Backu Yes No ? Distance 

Trunk 
LlJt/Pum Station 

Other 

Page 1of2 
,.._,_L_ ~ -1 n ,.., ,.,nn':I Uncontrolled Coov 
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.~ENVIRONMENTAL 
~SERVICES~ 

·r3 
<o ·oo 

iSitc Hydr:aulics: /) . C'. P, 
~,.. ~ 

M:i.nhole Mau:fia l I f3• "C 
Condition: _ , ;. 
Pipe !lfau~.rial I Condition: 

UpstJeam Manhole: - I\ . / i _ : ..., 1 Mini Sys1em Residential 
.LJ ! ;.t A-;.,- ..£.-" './t ~.- L ' l~ /C Character: 

Tele hone luf'onnation: 
+/- Access Pole # : 

rr 
~ ~l ->- , -> ,-, ,..._;:::31....,....,.---- -

Cross Section N + Planar 
lfacku No 

I Tnink 
, Li ft /Pun 1 Stan.on 

W\vTP 

QF 675007 Rev AO 
,...,., .,. _ n-•- nn 1r.1-.nn.-:> Uncontrolled Copy 

? Dist~ce 

, . 

Page 1of2 
o.;ntn~ 1 ()I~ /JM~ 
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~EllVJRONMENTAl. 
.~SERVICES~ 

Site Name: C~o- Ol 3 
Ad.mess I Locniion: Ovk'r 

;If- sl· ~wic,k_ s -i-. 
Access: Type of 

System: 

Upstream Input: Q.,/S, P/S) 
Upstream Manhole: 

QF 675007 Rev AO 

Form 
FM Initials: de 

• - f • 

Manhole Maccria.I I ,..,~ 

Condition; r 
Pipe M 1ucrial I Condition: Brr·c~ -
Mini System Residential Commercial 
Character. 0 
Tele hone Information: 

+/. Access Pole #: 

I Jnrnntrnllaii lnnu 
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Pro"ecl Name: 

$ice Hydraulics: Wo.._vy 1 

·upstream Input: Q.-./S. P / SJ 
Upstream Manhole: 

!JN;::: 

+/-

.. . 

OF 675007 Rev AO 

.. 

Quali Form 
FM Initials: Ge 

Manhole Dcp1h: :z_ Peet 

Manhole Ma~al I /j,... _ eJe:. 
Condldon: r ec 17' 

Mini System Reridcntiol Commercilll Industrial Other 
Cha.ractcr: [81 Kl 0 
T ele: hone lnfonnation: 
Access Pole #: 

Feet 
Feet 

~Jr 

lanar 
Backu cs No ? Distance 

'T'runk 
Llf1/Pum l Station 
WWI'P 
O ther 

Page 1of2 
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Form 

Address I Location: End 6 f' Ja /f'/ ~.s Sf. So ~ff, , I' 
,K:~t,- Sr 

Phone Number: 

Date/ T ime of Im•csligarion: Manhole Depth: 
Manltolc Material/ Concr ef t.. p:-.._:,.. 
Condhion: 

Site Hydraulics: ~()fJq S~oo-H.. 
I/I! 1," u-

Upstream Input: Q.,/ S, P/SJ 'A Pipe Material I Condition: 7) r: c/c 

Upstrc11m Manhole: Mini System Residential Commercial Industrial Other 
Character: J8I l8J 8J, 
Tele hone lnformarion: 

+/- Access Pole # : 
O istanc ··From Manhole: Feet 
Road Cut Le Feet 

Cross Section Planar 
Installation lnfonnation Backup ? Distance 

Trunk 
Lift/Pum Station 

Feet 

QF 675007 Rev AO 
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~ENV1RONf1ENTAL 
.~SERVICES 

Address/Loc:.ation: R Jl/er 5-1-. f"ost ~p ?;,,olo.,- Manhole#: 

Access: Pr: v f 

SiteHydsaulics: :S\.-IA:t .• ... •. 

Upstream Input: (L/ S, P/S) 
Upstream Manhole: 

I 

Map Page#: 
Type of 
System: 

Sanitary Sturm C1)muincd Pi c Hci ht: z . .3% 
0 0 iJ 1-P,_i~e-W~i~dt~h-: ---+---.,1""z--... -:!-~-=---

-
'l> NI 

-PNI 
,75 +/. 

+/· 
ii s 

.. · ·-·- --

Phone Number: 

/?;yer 

~{anhole Depth: 7 
Manhole Material I c,, : , h /Po ., r
Condition: 
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May 16, 2007 Event - Less than or equal to a 2-month storm 
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May 31, 2007 Event - Less than a 2-month return period. 
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June 9, 2007 Event - Less than a 2-month return period. 
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June 16, 2007 Event - Less than a 2-month return period 

OOFGapi 

14 

1-

IA 
v 

c 
c 

A 

3 v 

c: 
'ii 

~ a: v 

.... ... 

"" "' 1'1"02_. ·'1 t21llt1,0fOOJ>M ll0l6•1$'J'Wl:> OO l»PU ·--,., ... 

NJO/NH FLOW MONITORING-V1 DOC 

~ .... 

. ..---
_: ... :: ... -~ 
~ 

CUatiai (rm) 

..... 



GNH0016-125



GNH0016-126

TECHNICAL MEMORANDUM - TASK 4 CH2M HILL 

Greater New Haven Water Pollution Control Authority 

Wet Weather Capacity Improvements - Hydraulic 
Model Update 

Model Perfonnance Verification 
PREPARED FOR: 

PREPARED BY: 

DATE: 

PROJECT NUMBER: 

Introduction 

GNHWPCA 

CH2M HILL 

September 13, 2007 

350590 

During recent modeling activities to support Preliminary Engineering for Wet Weather 
Capacity Improvements, it was found that the planning-level hydraulic modeling scenarios 
previously developed to support the Greater New Haven Water Pollution Control 
Authority ("the Authority") Long-term Control Plan (LTCP) no longer reflects the collection 
system as it exists today. In the time since development of the LTCP model in 1997, several 
changes have occurred in the New Haven collection system, such as sewer separation 
projects, regulator modifications, and conventional growth and development. The 
Authority is conducting a Hydraulic Model Update task to update the model, verify that it 
accurately represents existing conditions, and to have a more current tool for evaluating 
engineering alternatives for its Wet Weather Preliminary Engineering project. 

Several model update efforts are now completed. The Authority's hydraulic model was 
updated to reflect 2007 existing conditions in the collection system, as described in the 
August 1, 2007 Hydraulic Model Improvements technical memorandum. A monitoring 
program was conducted in May and June 2007 and documented in the Slzort-Tenn Flow 
Monitoring Program technical memorandum, dated August 16, 2007. 

This technical memorandum summarizes the model performance verification that was 
performed following the Short-term Flow Monitoring Program, which includes 
documentation on how the model was evaluated and adjusted to accurately simulate 
existing conditions. The memorandum also includes an evaluation of currently available 
data and provides recommendations for future monitoring of the system to fill in missing 
data gaps and further improve the accuracy of the model for future planning and design 
needed to implement the Authority's L TCP. 
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MODEL PERFORMANCE VERIFICATION 

Verification Methodology and Execution 
The model evaluation methodology consisted of three main components: 

• Rainfall Event Selection - Compile and analyze flow and rainfall data collected during 
Task 3 Short-term Flow Monitoring Program and select one dry and three wet weather 
events for model evaluation; 

• Model Assessment - Assess the accuracy of the updated hydraulic model in predicting 
current system operating conditions in response to the selected rainfall events; and, 

• Model Verification - Debug and verify that the hydraulic model simulates collection 
system responses to dry and wet weather events with reasonable results. 

Flow and rainfall data collected during the execution of Task 3 Short-term Flow Monitoring 
Program, described in the August 16, 2007 Short-Term Flow Monitoring P1'0gram technical 
memorandum, was compiled with other system data. Flow monitoring was performed at 
24 locations in the collection system, and rainfall data was collected at three locations. 
Additional system data that was obtained included hourly flow data at the East Shore Water 
Pollution Abatement Facility (WPAF) and the East Street, Boulevard, East Shore, Barnes, 
Quinnipiac and Morris Cove Pump Stations. Additional rainfall data was obtained from the 
National Climatic Data Center for Tweed Airport and from the Regional Water Authority 
(RWA) at three of their stations (Whitney, Furnace Pond, and Dawson). 

A rainfall analysis described in the August 16, 2007 Short-Term Flow Monitoring Program 
technical memorandum identified a number of wet weather events as candidates for model 
evaluation simulations. One dry weather period and three wet weather events were 
selected for verification modeling. 

Model simulations were then compared to data to assess the accuracy of the updated 
hydraulic model database in predicting current system operating conditions. The 
assessment identified that additional changes in the model were required to simulate the 
system with reasonable results. Some of these changes were recommend in the in the 
August 1, 2007 Hydraulic Model lmprol1ements technical memorandum, such as model 
settings for pump station on/ off controls that needed further adjustment beyond that 
initially specified during the model update to better reflect system operations. 

Quality Assurance/Quality Control (QA/QC) checks were then performed to debug 
remaining model construction issues and verify that the hydraulic model is sufficient for 
performing dry and wet weather simulations for existing conditions. 

The following describes the selection of rainfall events, dry and wet weather verifications, 
model assessment, additional modifications made to the model for QA/QC, and 
conclusions and recommendations. 

Rainfall Event Selection 
The short-term flow-monitoring program was conducted between May 11 and June 22, 2007. 
Exhibit 1 illustrates East Shore WPAF flow data with rainfall data during the monitoring 
period. 
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EXHIBIT1 
East Shore WPAF Flow with Rainfall Recorded During the May 11 to June 22 Short-term Flow Monitoring Program 

100 ...--------------------------...... 0.60 

90 . 

80 

70 

'6" 60 
Cl) 

§. 50 

~ 
iI: 40 

5/11 5/16 

-Data 

- Rainlall 

5/21 5/26 5/3, 6/5 6/ 1 0 6/15 

Date (May 11 - June 22, 2007) 

Dry Weather Period Selection 

6/20 

0.50 ...... ... 
:I 
0 

.J:. 
Cl) 

0.40 .5 
1! 
~ 
Q. 

0.30 ·= 
UI 

.! 
u c 

0.20 ::-

~ c 
'ii 

0. 10 a: 

The dry weather period was selected by analyzing the rainfall record of the short-term 
monitoring program and identifying a period of seven days without precipitation. A period 
of dry weather occurred between May 18 and 30, 2007. The East Shore WP AF flow 
averaged 27.0 million gallons per day (mgd) during this period. Selecting days towards the 
end of this period would have been ideal for the dry weather verification to eliminate any 
latent effects of a preceding wet weather event. However, Memorial Day weekend was May 
26-28. WPAF data approaching the weekend appeared to show decreasing flows and 
changing diurnal patterns. Following the weekend the data appeared to show recovering 
flow characteristics approaching typical conditions, but then a rain event occurred. 

Two days were selected from this period to verify dry weather flow calculations - May 21 
and 22. This period began only three days following a wet weather event on May 18, which 
had a total of 0.23 to 0.32 inches of rainfall recorded between several gages. Collection 
system and WPAF flow data indicated that there were no residual effects of the wet weather 
event by May 21. Average WPAF flow during the two days was 27.2 mgd; comparing well 
to the entire May 18-30 dry period. The original LTCP modeling effort calibrated the 
hydraulic model with an average dry weather flow of about 30 mgd. Dry weather flow 
recorded at the WPAF varied from a minimum of 15-20 mgd to a maximum of 30-35 mgd 
during the entire short-term monitoring program. WPAF flow ranged from 12 mgd to 36 
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mgd during the two days. The LTCP calibration ranged from 14 mgd to 40 mgd during dry 
weather. 

Wet Weather Period Selection 
Seven wet weather events of significance occurred during the short-term monitoring 
program. A goal of the verification was to identify and simulate three wet weather events 
of varying lengths, intensities, and volumes, with at least one event having characteristics of 
a 2-year recurrence interval similar to that used in developing the LTCP. An inter-event 
period of 12 hours was also applied to distinguish between events. 

Three events were selected for the wet weather verification: May 16, May 31, and June 3, 
2007. The recorded rainfall, peak intensity, approximate duration, peak recorded WPAF 
flow, and return period of each of these events are summarized in Exhibit 2. Rainfall data 
was compiled from the three short-term monitoring program gages, Tweed Airport, and 
three RW A gages. Therefore, ranges of rainfall are presented in the table. Although the 
short-term monitoring program monitored rainfall at a much shorter interval, an hourly 
peak intensity statistic is tabulated in order to include the data from Tweed Airport and the 
RWA. 

EXHIBIT 2 
Event Statistics and Return Periods for the Three Wet Weather Verification Events 

Peak Intensity Peak 
(Inches/hour) Approximate Recorded 

Rainfall for 6D·minute Duration WPAFFlow 
Event (inches)1 time step (hours) (mgd) Return Period2 

May 16, 2007 0.42 to 0.88 0.38 8 84 s 2 months 

2 May 31, 2007 0.28 to 0.71 0.55 7 60 < 2 months 

3 June 3-4, 2007 2.17 to 2.78 0.65 22 79 Between 6 months 
and 2 years 

1. Rainfall statistics taken from all rainfall data developed during the short-term monitoring program of May 11 
through June 22, 2007 at seven locations. 

2. Return period calculated using rainfall depth-duration-frequency data curves shown in the August 16, 2007 
Short-Term Flow Monitoring Program technical memorandum. 

Only one wet weather event during the short-term monitoring program, June 3, had a total 
rain depth within the LTCP 2-year design storm range. The total depth of this storm 
ranging from 2.17 to 2. 78 inches amongst the rain gages is close to the L TCP 2-year design 
storm of 2.05 inches in total volume. None of the three storms had peak intensities as 
extreme as the L TCP 2-year design storm, which was 2.15 inches per hour occurring for 15 
minutes. The May 31 event had a peak 15-minute intensity of 1.48 inches per hour recorded 
at Boulevard Pump Station (RG-1) although with smaller intensities at other gages at the 
same time. The next highest 15-minute intensity was 0.68 inches per hour recorded during 
several events at several gages. Peak WPAF flow recorded during two of the events was 
close to the WP AF design capacity of 100 mgd. 
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Model Performance Verifications 
Model performance was evaluated by comparing model calculations to flow monitoring 
data collected in the collection system and at the East Shore WPAF during the short-term 
monitoring program. The 2007 Existing Conditions Model, described in the August 1, 2007 
Hydraulic Model l111pr0l1eme11ts technical memorandum, was used for the evaluation and 
verification. The verification methodology was to review model performance system wide 
by reviewing model comparisons for the East Shore WPAF, at pump stations, and at short
term monitoring program locations. Model calculations of hydraulic depth were reviewed 
and flow was compared to data for the one dry weather and three wet weather verification 
events. 

The meter locations and model nodes where hydraulic model calculations were compared 
to meter data are tabulated in Exhibit 3. 

EXHIBIT 3 
Summary of Locations where Hydraulic Model Calculations are Compared to Meter Data 

Meter Name Meter Location Model Node 

cso 002 E.T. Grasso and Lamberton (u/s of 002 Regulator) M21R002 

cso 003 E.T. Grasso and Orange (u/s of 003 Regulator) L19R003 

cso 004 E.T. Grasso and N. Frontage (d/s of 004 Regulator) K16D010 

cso 005 E.T. Grasso and Irving (u/s of 005 Regulator) K14N100 

cso 006 Whalley and Fitch (u/s of 006 Regulator K10N250 

cso 009 James and Grand (u/s of 009 Regulator) S15R009 

cso 010 East Street and 1-91 (u/s of 010 Regulators) R14R10A 

cso 012 Canner and Nicoll (u/s of 012 Regulator) R12R012 

cso 013 East Rock and Everit (d/s of 013 Regulator) A09N020 

cso 014 Trumbull and State (u/s of 014 Regulator) P14N090 

cso 015 James and River (u/s of 015 Regulator) S18R015 

cso 016 River and Poplar (u/s of 016 Regulator) T17N180 

CS0017 Front and Grand U14R19A 

cso 018 Lombard and Front (u/s of 018 Regulator) U13R018 

cso 019 Front and Chatham U13N350 

cso 021 East and Long Wharf (u/s of 021 Regulator) A18N030 

cso 024 Sea and Water (u/s of 024 Regulator) 023R024 

East/Ives East South of Grand (u/s of East/Ives Regulator) R16N110 

Canal Canal and Munson 012N330 

Ferry Ferry and Fairmont T18N100 

Woodward Woodward (in Annex Club parking lot) T23N110 

NH-04 Winchester and Cave P08N230 
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EXHIBIT3 
Summary of Locations where Hydraulic Model Calculations are Compared to Meter Data 

Meter Name Meter Location 

NH-11 Park and East Rock 

NH-12 Brookside and Wilmont 

Boulevard Pump Station 1 Pump discharge 

East Street Pump Station 1 Pump discharge 

Barnes Pump Station 1 Pump discharge 

Quinnipiac Pump Station1 Pump discharge 

Morris Cove Pump Station 1 Pump discharge 

East Shore WPAF2 Chlorine contact basin (plant effluent} 

1 . Using facility SCADA data. 

2. SCADA data is only available at this location for the WPAF. 

Dry Weather Flow Evaluation and Verification 

MODEL PERFORMANCE VERIFICATION 

Model Node 

R081010 

K06N010 

023P010 

R19P010 

W13P120 

W10P010 

U31 P010 

n/a 

Two days during the dry weather period were selected to verify dry weather flow 
calculations in the hydraulic model - May 21-22. Model dry weather flow and its diurnal 
curve were taken from the LTCP hydraulic model and used in the 2007 Existing Conditions 
Model, without adjustment. 

The Root-Mean Square Error (RMSE) of flow was calculated for monitoring locations during 
the dry weather event to make comparisons. RMSE is an indicator of how well flow is 
calculated using the model compared to monitoring data. The RMSE is the average of the 
absolute differences between individual model calculations (c;) and data observations (d;) 
expressed as: 

l II 

RMSE = - Ik-d;)2 
n i=I 

The model assessment and evaluation used an average difference and RMSE range of 1.0 
mgd or 10 percent as a measure of model accuracy. 

Exhibit 4 summarizes model comparisons to data for the pump stations and WPAF using 
flow statistics for the dry weather period. Exhibit 5 illustrates temporal model calculations 
compared to WPAF data for the dry weather period of May 21-22, 2007. 
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EXHIBIT 4 
Calculated Dr~ Weather Flow Comeared to Data for Ma~ 21-22, 2007 at Pume Stations and WPAf 

Average Difference 
Flow{mgd) Model vs. Meter 

Flow 
Meter Meter Model (mgd) Flow(%) 

East Shore WPAF 26.8 29.9 +3.1 +12 

Boulevard Pump Station 9.5 8.8 -0.8 -8 

East Street Pump Station 11.9 11.3 -0.6 -5 

Barnes Pump Station 1.1 0.5 -0.6 -58 

Quinnipiac Pump Station 1.8 1.5 -0.3 -15 

Morris Cove Pump Station 4.7 1.8 -2.9 -62 

EXHIBIT 5 
Calculated Dry Weather Flow Compared to Data at the East Shore WPAF 

45 

40 

35 

~ 30 

"' .§.. 25 . 

~ 
u::: 20 

15 

10 

5 . 

--wPAFData 
- Model 

RMSE 

5.3 

1.8 

6.4 

1.5 

2.1 

3.0 

0 1-"-............................................... ..._......_ ......................... ~-i-.................. _._.~~-L..o~ .......... _._....._.___,_~~~ 

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 

Time (May 21-22, 2007) 

Overall, the model-specified diurnal patterns approximates data, however peak flows are 
over-calculated. System-wide, the calculated diurnal daily flow is 29.9 mgd using the 
hydraulic model compared to 26.8 mgd observed at the WPAF. The model calculation is 3.1 
mgd higher than that observed, a 12% difference. 
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Dry weather verification comparisons for the pump stations are provided in Attachment 1. 
Comparisons for pump stations varied widely on a straight flow calculation basis as well as 
an RMSE. Model calculations for the pump stations vary in accuracy. Boulevard Pump 
Station flow is calculated relatively well compared to data. At the East Street Pump Station, 
average flow is calculated well compared to the average recorded; although the hourly flow 
calculations vary widely from the data. The SCAD A data at his station, as well as the other 
stations appears erratic (such as instantaneous peaks and lows out of the pattern). If the 
data is accurate, the on/ off controls at the pump station may require additional 
investigation and coordination with modeling. However, the meters at the pump stations 
may need to be checked for accuracy. 

Sporadic and inconsistent facility data for the Barnes and Quinnipiac Pump Stations 
indicate that pump station controls and other factors appear to affect recorded flow during 
the period. Although on/ off controls were compiled from those being used at the facilities, 
model representation of the controls should be investigated further. Comparisons for the 
Morris Cove Pump Station indicate that some adjustment in the dry weather flow should be 
considered for future modeling efforts in this tributary area. 

Exhibit 6 summarizes model comparisons to data for the short-term monitoring program 
locations using flow statistics for the dry weather period. 

EXHIBIT& 
Calculated Dry Weather Flow Compared to Data for May 21-22, 2007 at Short-
term Flow Monitorin9 Pro9ram Locations 

Flow (mgd) Average Difference 

Flow 
Meter Data Model (mgd) Flow(%) RMSE 

cso 006 1.4 1.4 0.0 1% 0.4 

cso 005 5.3 5.0 0.3 5% 1.0 

cso 004 6.2 7.2 1.0 16% 1.7 

cso 003 7.5 7.2 0.2 3% 1.4 

cso 002 9.4 7.3 2.0 22% 2.4 

cso 024 8.6 8.5 0.1 1% 1.9 

cso 009 1.2 1.2 0.1 6% 0.3 

cso 010 3.1 4.5 1.4 44% 1.7 

cso 012 4.0 3.8 0 .2 4% 0.7 

cso 013 0.2 0.2 0.0 13% 0.1 

cso 014 1.9 2.1 0.2 9% 0.5 

cso 015 2.1 2.7 0.6 29% 1.0 

cso 016 0.6 0.6 0.0 2% 0.2 

cso 018 0.2 0.3 0.1 70% 0.1 

cso 019 0.2 0.4 0.1 56% 0.1 
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EXHIBIT& 
Calculated Dry Weather Flow Compared to Data for May 21-22, 2007 at Short-
term Flow Monitoring Program Locations 

Flow (mgd) Average Difference 

Flow 
Meter Data Model (mgd) Flow(%) RMSE 

cso 021 8.4 11.3 2.9 34% 3.8 

East Ives 5.7 7.2 1.5 27% 1.9 

WLM 4.2 2.0 2.2 52% 2.2 

Ferry 2.3 2.1 0.3 12% 0.5 

Canal 0.6 1.4 0.8 126% 0.8 

NH-04 0.6 0.6 0.0 3% 0.2 

NH-11 3.4 3.2 0.2 7% 0.6 

NH-12 1.7 2.4 0.7 43% 0.8 

Average: 0.6 25% 1 .1 

Model calculations compare relatively well to dry weather flow data collected during the 
Short-term Monitoring Program. Typically, model calibrations target calculations to be 
within 5% or 1 mgd of data. A majority of the average differences between calculations and 
data are less than 1 mgd, averaging 0.6 mgd overall. The average differences on a percent 
basis vary widely, some exceeding 100%; however, the higher differences occur at low-flow 
locations were there is a higher sensitivity to the differences on a percent basis. Overall, a 
majority of the RMSE was calculated less than 1.0 mgd, with an overall average of 1.1 mgd. 
Select dry weather verification comparisons for several monitoring locations are provided in 
Attachment 1. 

Past data documented in LTCP technical memoranda (#3 and #7) indicate that historical 
WPAF dry weather flow varies between 29.5 mgd during dry seasons to 42.1 mgd during 
spring with full moon tides. Observed dry weather flow during this period exhibited 
differences compared to the L TCP effort in base flow and diurnal characteristics, and may 
be considered typical of current overall system performance. These differences may have 
been caused by changes made to the collection system since the LTCP effort including the 
Authority's sewer separation projects but also other infiltration/inflow-control efforts being 
made region wide. Dry weather flow is a small percentage of wet weather flow, especially 
during extreme events. The dry weather flow can be investigated further, but it would 
require a large effort compared to the small benefit to this model evaluation. In 
consideration of the small variability in base flow, the small percent difference between 
calculated and observed flow at the WPAF, and with limited time to perform a recalibration, 
the base sanitary flow specifications in the model were not modified to improve the dry 
weather flow calculation for this analysis. 
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EXHIBIT 8 
Wet Weather Flow Verification at WPAF for May 16, 2007 

ii' 
al 
.§. 
~ 
0 
ii: 

100 

90 

80 

70 

60 

50 

40 

30 

20 . 

10 

WPAF Wet Weather Verification· May 16, 2007 

- Model 
[

--Data 

- Rainfall 0.50 '§' 
~ 

0.40 f 
a.. 

0 30 .5 

020 I 
~ .. 

0.10 a: 

.._.. ____ _.___.__...._.._..._.._.......,__._ _______ .___, 0.00 

12:00 18:00 0:00 6,00 12:00 

Time (May 16-17, 2007) 

Overall, model calculations of flow at the WPAF compare relatively well to data. The 
timing of the event and response at the WPAF indicate that time-of-travel is simulated 
accurately between the collection system, force main conveyance, and the WPAF. The peak 
model calculated flow at the WPAF is 79 mgd occurring closely in time to the 84 mgd 
observed. Increasing flow at the beginning of the storm was not calculated compared to 
data. Rainfall was recorded at other rain gages an hour earlier than that used for modeling 
with the data at RG-1; some but not all gages recorded higher overall rainfall volumes. This 
difference can be attributed to local variations in the storm pattern amongst tributary areas. 
Model calculations of flow recovery back to the dry weather flow track closely with the 
data. 

Model calculations compare relatively well to data at the pump stations and meters. Peak 
flows, timing, and recovery to dry weather flow track closely with the data. Similar to that 
seen in the WP AF data, increasing flow at the beginning of the storm was not calculated 
compared to data at many locations, which an be attributed to local variations in the storm 
pattern amongst tributary areas. 

Event 2 • May 31, 2007 
The rainfall recorded during the wet weather event on May 31, 2007 varied from 0.28 to 0.71 
inches, over approximately seven hours with a peak 60-minute intensity of 0.55 
inches/hour, which is a storm with less than a 2-month return period. The peak flow 
recorded at the East Shore WPAF was 60 mgd. Exhibit 9 presents flow calculations 
compared to data recorded at the WP AF for the event. Comparisons of model calculations 
to data for the pump stations and meters are provided in Attachment 2. 

NJO/NH MODEL VERIFICATION FINAL.DOC 11 



GNH0016-136

EXHIBIT 9 
Wet Weather Flow Verification at WPAF for May 31 , 2007 

WPAF Wet Weather Verification· May 31, 2007 
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MODEL PERFORMANCE VERIFICATION 

Model calculations varied from data at the WPAF and pump stations. The rainfall recorded 
at the RG-1 varied from other gages within the overall range of 0.28 to 0.71 between all 
seven gages. Although a peak rainfall was recorded early in the morning on June 1 at other 
locations, none were as high as that recorded at RG-1. Recorded total rainfall amounts 
during this event at the seven gages are as follows: 

• Boulevard Pump Station (RG-1) - 0.71 inches 
• Boulevard Pump Station (RG-2) - n/ a 
• Boulevard Pump Station (RG-3) - 0.33 inches 
• Tweed Airport - 0.60 inches 
• RW A Whitney - 0.28 inches 
• RW A Furnace Pond - 0.32 inches 
• RW A Dawson - 0.28 inches 

The effects of these variations were observed in the data at the WPAF, pump stations, and 
meters. Initial increases in flow are calculated throughout the system but were not observed 
in the data. Later in the event, a peak was not experienced at the WPAF, although there was 
a noticeable increase in flow in the data for the Boulevard Pump Station, which corresponds 
with the data observed at RG-1. Overall, the conclusions that can be drawn from this event 
verification are that varying rainfall patterns within the service area have significant impact 
on system responses. Model simulations of events such as these should utilize more than 
one rainfall hyetograph to simulate localized patterns and more accurately calculate 
responses. A detailed rainfall analysis and additional simulations to improve model 
performance with this event would not be cost-effective for the purposes of this analysis. 
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Event 3- June 3-4, 2007 
The rainfall recorded during the wet weather event on June 3-4, 2007 varied from 2.17 to 
2.78 inches, over approximately 22 hours with a peak 60-minute intensity of 0.65 
inches/hour, which is a storm with a return period between six months and two years. The 
peak flow recorded at the East Shore WPAF was 79 mgd. This was the largest volume event 
of the three verification events, although the peak observed flow was smaller than that for 
the first event, which was 84 mgd. Exhibit 10 presents flow calculations compared to data 
recorded at the WPAF for the event. Comparisons of model calculations to data for the 
pump stations and select meters are provided in Attachment 2. 

EXHIBIT 10 
Wet Weather Flow Verification at WPAF for June 3-4, 2007 

WPAF Wet Weather Verification - June 3-4, 2007 
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Overall, model calculations of flow at the WP AF compare relatively well to data, although 
peak flows are over-calculated. The timing of the event and response at the WPAF indicate 
that time-of-travel is simulated accurately between the collection system, force main 
conveyance, and the WPAF. However, the peak model-calculated flow at the WPAF is 97 
mgd compared to the 79 mgd observed. This difference can also be attributed to local 
variations in the storm pattern amongst tributary areas; the rainfall recorded at RG-1 was 
actually Jess than other locations but peak intensities at RG-1 were higher than others except 
RG-3. Recorded total rainfall amounts during this event at the seven gages are as follows: 

• Boulevard Pump Station (RG-1) - 2.21 inches 
• Boulevard Pump Station (RG-2) - n/ a 
• Boulevard Pump Station (RG-3) - 2.78 inches 
• Tweed Airport - 2.17 inches 
• RWA Whitney - 2.28 inches 
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• RW A Furnace Pond - 2.25 inches 
• RW A Dawson - 2.60 inches 

Model calculations of flow recovery back to the dry weather flow track closely with the 
data. 

Similar to that experienced for the WPAF, model calculations compare relatively well to 
data at the pump stations and meters, although peak flows are over-calculated at several 
locations while closely matching the data at others. The timing and recovery to dry weather 
flow track will with the data. The flow at Boulevard Pump Station is over-calculated while 
East Street Pump Station flows are under-calculated. These two pump stations share the 
same force main. The pumps at the Boulevard Pump Station are rpm-limited. This is 
accounted for in the hydraulic model, although an adjustment could be made in the model 
settings for this and other parameters to improve the accuracy of the flow calculation at a 
later time. 

Conclusions and Recommendations 
The purpose of the Model Performance Verification is to evaluate model performance to 
verify that the hydraulic model reflects current conditions when evaluating engineering 
alternatives for the Wet Weather Preliminary Engineering project. Flow and rainfall data 
were compiled from the Short-term Flow Monitoring program. A rainfall analysis was 
performed to identify one dry weather and three wet weather events that occurred during 
the recent flow-monitoring period to use for model performance evaluations. The Existing 
Conditions scenario of the New Haven collection system hydraulic model was used to 
simulate flow conditions during the four events. Model calculations were compared to data 
for evaluating and verifying model performance. 

The hydraulic model simulates sewer separation, tank construction, regulator modifications, 
pump station improvements, and other Short-term and Long-term Control Plan actions the 
Authority implemented since L TCP development. An initial assessment of model 
calculations compared to data for the dry weather and three wet weather events showed 
that it was necessary to update the hydraulic model to reflect existing conditions before 
proceeding with wet weather preliminary engineering. Model parameters were somewhat 
adjusted to update and improve the accuracy of the model. 

The model currently simulates dry weather characteristics reasonably well. Model 
performance in simulating the wet weather events varied in accuracy. The three wet 
weather events varied in size, duration, intensity, and pattern. System responses, peak 
flows, time of travel, and other event characteristics are calculated reasonably well when 
rainfall data is applied locally. Collection system capacity and conveyance is simulated well 
with the model. Flow monitoring and data collection at the WP AF and pump stations 
proved valuable for the analysis. 

The model assessment and verification indicated that changes in the collection system have 
altered the way in which the system is reacting to wet weather events since the LTCP was 
developed. The Authority's hydraulic model has been updated to accurately simulate 
Existing Conditions, which can be used for preliminary engineering. 
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The following are observations and recommendations on rainfall and flow data collection 
for ongoing and future analyses: 

• Rainfall is currently recorded at Tweed Airport and also monitored by the RWA at 
several locations in the service area. These data sources are sufficient for analyzing 
general rainfall patterns and characteristics, although only available on an hourly basis. 
Supplemental, local rainfall monitoring as that performed during the short-term 
monitoring program with shorter intervals should still be performed during future 
monitoring and modeling work. 

• SCADA data is collected at the WPAF and pump stations, although it had to be 
compiled and transcribed for this analysis. Data recording should be automated at all 
locations to facilitate analysis with shorter recording intervals of 30or15 minutes. 

• The Union Street Pump Station does not have automated data collection, although a 
metering program was performed preceding this analysis. SCADA monitoring and data 
compilation should be automated at this station as soon as possible and included in 
future pump station modifications. 

• Pump station data appeared erratic during dry and wet weather periods. The meters 
should be checked to verify that they are accurately recording flow at low- and high
flow conditions and for on/ off operation of the pumps. 

• SCADA data for WPAF flow is only available from that recorded at the chlorine contact 
basin for effluent monitoring. Additional automated data collection should be installed 
for the WPAF influent and other locations in the process train for system and WPAF 
performance evaluations. 

• Monitoring and modeling should be performed regularly following major collection 
system modifications to maintain model accuracy. 

The hydraulic model has been updated to accurately represent existing conditions, and to 
have a more current tool. Model accuracy could be improved for future planning and 
design with additional actions as follows: 

• Perform a detailed long-term analysis of dry weather flow throughout the system to 
improve dry weather flow calculations. 

• Apply localized rainfall data amongst the tributary areas for improved runoff and 
system response calculations. 

• Further analyze pump station performance parameters such as on/ off controls and 
pumping performance at varying levels of dynamic head to refine flow calculations. 

• Further analyze and refine model calculations for the Boulevard and East Street Pump 
Stations to better calculate flow in their shared force main. 

• Further analyze flow data downstream of sewer separation projects to confirm runoff 
parameter modifications made to simulate the projects. 
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Dry Weather Flow Verifications 
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DRY WEATHER FLOW VERIFICATION 
Pump Stations 
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Wet Weather Flow Verifications 
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Pump Stations - Event 2, May 31, 2007 
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WET WEATHER FLOW VERIFICATION 
Pump Stations - Event 3, June 3-4, 2007 
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TECHNICAL MEMORANDUM - TASK 5 CH2MHILL 

Greater New Haven Water Pollution Control Authority 

Wet Weather Capacity Improvements - Hydraulic 
Model Update 

Hydraulic Analysis: Long-tenn and Extreme Event 
Simulation 
PREPARED FOR: 

PREPARED BY: 

DATE: 

PROJECT NUMBER: 

Introduction 

GNHWPCA 

CH2M HILL 

September 13, 2007 

350590 

During recent modeling activities to support Preliminary Engineering for Wet Weather 
Capacity Improvements, it was found that the planning-level hydraulic modeling scenarios 
previously developed to support the Greater New Haven Water Pollution Control 
Authority ("the Authority") Long-term Control Plan (LTCP) no longer reflects the collection 
system as it exists today. In the time since development of the LTCP model in 1997, several 
changes have occurred in the New Haven collection system, such as sewer separation 
projects, regulator modifications, and conventional growth and development. The 
Authority is cond ucting a Hydraulic Model Update task to update the model, verify that it 
accurately represents existing conditions, and to have a more current tool for evaluating 
engineering alternatives for its Wet Weather Preliminary Engineering project. 

Several model update efforts are now completed. The Authority's hydraulic model was 
updated to reflect 2007 existing conditions in the collection system, as described in the 
August 1, 2007 Hydraulic Model Improvements technical memorandum. A monitorin g 
program was conducted in May and June 2007 and documented in the Short-Tenn Flow 
Monitoring Prog1'nm technical memorandum, da ted August 16, 2007. The model was 
evaluated and adjusted to accurately simulate existing condi.tions, which was documented 
in the Model Performance Verification technical memorandum, dated September 13, 2007. The 
Model Performance Verification included recommendations to improve model accuracy, but 
the Existing Condition model was verified as accurate for hydraulic analyses. The purpose 
of this technical memorandum is to document the preparation and execution of model 
scenarios for the two-year design storm, an extreme event simulation, and a long-term 
analysis consistent with regional permit-related efforts and the federal CSO Control Policy. 
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Hydraulic Model Scenarios 
The goal of the Hydraulic Model Improvements subtask is to prepare an updated hydraulic 
model suitable for continued planning purposes, with the following scenarios: 

• 2007 Existing Condition - represents the collection system as it exists today; 
• 2007 STCP Conditions - represents 2007 Existing Conditions with the addition of all 

STCP recommendations as defined in the LTCP Final Report (CH2M HILL, 2001) with 
some modifications as documented herein; and, 

• 2007 LTCP Conditions - represents 2007 Existing Conditions with the addition of all 
STCP and LTCP recommendations as defined in the LTCP Final Report (CH2M HILL, 
2001) with some modifications as documented herein. 

2007 Existing Conditions Model 
Several steps in the construction of the 2007 Existing Conditions Model were documented in 
the previous technical memorandums. Collection system information and data was 
compiled on sewer separation projects, pump stations, cross connections, CSO regulators 
and outfalls, and the construction and operation of the Truman Tank. The Existing 
Conditions Model was then constructed to represent the Authority's collection system as it 
operates currently. One dry and three wet weather events were selected for model 
assessment and verification. The assessment indicated that system hydraulics has changed 
and additional adjustments were required to improve model accuracy. The model was then 
verified as accurate for performing hydraulic analyses. 

Short-Term Control Plan Model 
The Short-term Control Plan Model (STCP Model) includes the projects that were 
recommended as part of the STCP that have been either built as of 2007 or are planned to be 
built. The STCP model contains many of the same updates as the Existing Conditions 
model. In order to compare performance measures between the Authority's STCP, LTCP, 
and the Existing Condition, the STCP Model did not include some elements of the Existing 
Condition model. For instance, to maintain consistency with the STCP, the STCP Model 
does not include the Truman Tank because the tank is a LTCP recommendation. 

Long-Term Control Plan Model 
The Long-Term Control Plan Model (LTCP Model) includes the projects that were 
recommended in the LTCP. The LTCP Model contains many of the same updates as the 
2007 Existing Conditions model, including the Truman Tank. Modifications were made to 
the model to simulate additional LTCP elements, such as pump station capacity increases, 
conveyance improvements, and additional storage tanks. The following describes the pump 
station recommendations and model settings: 

• The Boulevard Pump Station capacity was recommended to be increased to operate with 
a maximum capacity of 14.4 mgd for each pump in the current 3+1 manner with three of 
the pumps available for operation and one held in reserve for emergency situations. 
This is a maximum operating capacity of 43.2-mgd, compared to 34.6 mgd in the 
Existing Conditions model. 
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• No changes were recommended in the LTCP for the Union Street Pump Station. 
However, the original LTCP effort used a maximum capacity of 19 mgd at the pump 
station, based on information available at the time. The Existing Conditions included an 
update of the Union Street Pump Station representation to simulate it with its actual 
maximum capacity of 22.2 mgd. The 22.2-mgd capacity was used in the LTCP Model. 

• Following an L TCP recommendation, the Long Wharf Pump Station capacity was 
increased from 1.0 mgd to 3.2 mgd. 

• The East Street Pump Station capacity was recommended to be increased by 17 mgd 
above the existing condition of 42.8 mgd. Therefore, the maximum operating capacity of 
the pump station is 62.7 mgd in the LTCP Model. 

Conveyance updates were also included in the LTCP Model. Pipe diameters were increased 
to 2.5 feet along Ramsdell Street to help alleviate street flooding and sewer backups, and a 
parallel relief sewer was added along Whalley Road. CSO 006 was modified to divert more 
flow to a storage facility instead of towards the overflow. The pipe diameter at CSO 013 
was increased to 4.5 feet and several pipe diameters were increased along Chapel Street 
from 1.0 feet to 2.0 feet. CSO 019 (N. Front/Pine) was also removed from the model to 
correspond with the L TCP recommendation to eliminate it. 

The original hydraulic model used during development of the LTCP did not simulate the 
recommended storage tanks. Rather, tank recommendations were sized to capture the 
calculated overflow volume remaining with other alternatives for the 2-year design storm. 
This modeling effort only simulated the Truman Tank based on the Existing Conditions 
Model. Post-simulation calculations were made on overflows where storage is 
recommended to account for CSO control attained by the recommended tanks that capture 
100 percent of the 2-year design storm. Total overflows were reduced by the recommended 
tank size and added to WPAF volume treated assuming that all captured volumes will be 
drained and treated. 

Two-Year Design Storm Hydraulic Analysis 
The two-year design storm was simulated to analyze the effectiveness and benefits of the 
Short-Term and Long-Term Control plans and the 2007 Existing Conditions using the LTCP 
planning event. The LTCP event is a 2-year design storm has a 50 percent likelihood of 
occurring in any given year. The precipitation occurs over 6 hours, with a peak intensity of 
2.15 inches/hour occurring over 15 minutes, and a total volume of 2.05 inches, as illustrated 
in Exhibit 1. The order of the analysis is the STCP, Existing Conditions, and LTCP. 
Comparisons are made to the STCP as a baseline since the Existing Condition reflects all 
elements of the STCP plus the Truman Tank, thus showing the benefits at this stage of 
implementing the STCP /LTCP. Exhibit 2 summarizes the results of the 2-year design storm 
analysis. 
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EXHIBrT1 
Rainfall Hyetograph for 2-year Design Storm Hydraulic Analysis 
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EXHIBrT2 
Collection System Performance and WPAF Treatment Benefits for the 2-year Design Storm Hydraulic Analysis 
Comparisons are made using the STCP as a baseline condition. 

Short-Term 2007 Existing Long-Term 
Performance Measure Control Plan Conditions Control Plan 

Boulevard Pump Station Peak Flow (mgd) 33.6 33.2 36.4 

East St. Pump Station Peak Flow (mgd) 27.3 27.3 30.9 

Union St. Punip Station Peak Flow (mgd) 22.2 22.2 32.3 

WPAF Peak Flow (mgd) 109 113 121 

WPAF Volume Treated (MG) 45.3 46.3 99.S-

Volume Treated Improvement 2% 119% 

QSQ ~!.!tllQW VQl!illl!.!li: 

West River (MG) 24.0 19.7 o· 
Beaver Ponds (MG) 0.15 0.16 o· 
Mill River (MG) 14.2 14.2 O* 

Quinnipiac River (MG) 8.10 7.43 o· 
New HsM~n Harn2r {MGl .11J. 11.1 Q: 

Total 57.7 52.7 O* 

Overflow Capture Improvement 9% 100%* 

*L TCP recommends evaluations and design to construct tanks to eliminate overflows. Captured volumes 
would be treated at the WPAF. 
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EXHIBIT 4 
Pump Station and WPAF Performance During an Extreme Event 
Using the 2007 Existing Conditions Modal 

Location 

Boulevard Pump Station 

East Street Pump Station 

Union Street Pump Station 

East Shore WPAF 

Existing Maximum 
Pump Capacity 

(mgd) 

34.6 

42.9 

22.2 

HYDRAULIC ANALYSIS: LONG-TERM AND EXTREME EVENT SIMULATION 

Peak Calculated Flow 
(mgd) 

32.1 

34.0 

22.2 

141.8 

The pump station calculations indicate that the Boulevard and Union Street Pump Stations 
are reaching their maximum existing capacity. The calculation for the East Street Pump 
Station shows that maximum conveyance is not being achieved. This may be due to a 
model calculation issue that was revealed during the model verification. Additional 
analyses and model adjustments were recommended to improve the accuracy of the 
Boulevard and East Street Pump Station simulation. Since the force main goes directly to 
the WPAF, with model adjustments the combined pumping from the two stations should be 
calculated to be greater than the combined 36.1 mgd shown above, also increasing WPAF 
peak flows, by 11.4 mgd. 

This simulation also shows that a large increase in peak flow is being calculated at the 
WPAF. The 2-year design event simulation with the 2007 Existing Conditions model 
calculated a peak treatment flow of 112.7 mgd. The calculated extreme event peak flow of 
141.8 mgd is 25.7% greater than what is reached during a 2-year event. This indicates that 
there is additional capacity in the system that can be used to maximize conveyance, improve 
CSO capture, and reduce overflows. 

Long-Term Hydraulic Analysis 
The City of New Haven was the first combined sewer overflow (CSO) pennittee in the State 
of Connecticut to have an approved LTCP, in 2001. The Authority was instructed to 
develop a LTCP to achieve 100 percent CSO control of the 2-year design storm condition. 
However, the design condition is not sufficient to evaluate overflow frequency and volume 
on a "typical year" basis, as defined and recommended in the federal CSO Control Policy. 
As such, the Authority performed a long-term analysis using an average year for 
consideration in LTCP development; using the 1967 rainfall record at Tweed Airport. This 
long-term hydraulic analysis updated the long-term analysis to develop a current tool to 
evaluate and implement LTCP alternatives, and make it consistent with permit-related 
issues and the federal CSO Control Policy. Calculations made for this analysis should be 
considered preliminary since additional model work would be required to refine the 
analysis to a planning level tool for detailed planning. 

The 2-year design storm is a short duration, high intensity event that challenges the system 
to convey an extreme flow over a very short period of time. This type of event provides a 
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good indication of how the system reacts dynamically under an extreme condition. 
Planning to a single design event is a common engineering practice for designing 
conveyance and treatment to achieve a performance objective, such as controlling the 2-year 
design storm. However, a single event does not necessarily provide an opportunity to 
adequately analyze the benefits of maximized storage, conveyance, and treatment 
alternatives for sustained or multiple events. A single event does not facilitate an 
assessment of the frequency of overflows, which is also a consideration for LTCP 
development. Therefore model simulations were performed using a long-term period of 
wet weather to further quantify the benefit of the STCP /LTCP throughout the system. 

Collection system CSOs and the WPAF discharge to waters tributary to Long Island Sound. 
Long Island Sound (LIS) is an impaired waterbody that has a Total Maximum Daily Load 
(TMDL) assigned to it limiting total nitrogen discharges. The TMDL is based on long-term 
mathematical modeling simulations. The Authority has WPAF permit limits for total 
nitrogen based on the TMDL. The current LIS modeling tool is being updated to simulate a 
typical year similar to that being used by the New York/New Jersey Harbor Estuary 
Program for its TMDL calculations. Future TMDL requirements will be based on this 
typical year. Therefore, it was selected as the long-term condition for this analysis. 

The typical year being used for the LIS TMDL and other TMDL and LTCP planning efforts 
is the hourly rainfall record recorded at John F. Kennedy International Airport OFK) in 1988. 
This typical year was originally selected by the New York City Department of 
Environmental Protection (NYCDEP) for its LTCP development and is also specified for 
LTCP development by the State of New Jersey. The year 1988 JFK rainfall record was 
selected as a typical year by the NYCDEP based on total rainfall, average event volume and 
intensity, frequency of events, and other statistical measures. The year had 40.7 inches of 
rainfall over more than 50 wet weather events. Exhibit 5 illustrates the rainfall hyetograph 
for the 1988 JFK rainfall record. 
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EXHIBIT 5 
Typical-year Rainfall Hyetograph for Long-tenn Hydraulic Analysis 
Hourly Rainfall Recorded in 1988 at John F. Kennedy lntemational Airport 
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There are a large number of nodes and pipes in collection system hydraulic model. A 
calendar year simulation requires more than 24 hours of simulation time to execute. The 
typical year had over 50 wet weather events. Therefore, the simulation split the rainfall 
record into discrete 52 events; stripping out events of minor rainfall that would not be 
expected to induce an overflow. A summary of long-term simulation results are listed in 
Exhibit 6 for a number of performance measures. Comparisons are again made to the STCP 
as a baseline. 

NJOINH HYDRAULIC ANAL YSIS..flNAL.OOC 



GNH0016-153

HYDRAULIC ANALYSIS: LONG-TERM AND EXTREME EVENT SIMULATION 

to be reduced to 12 overflow events for the LTCP, the most occurring to the West River at 
several outfalls along the Boulevard interceptor. 

These calculations should be considered preliminary since additional model work would be 
required to refine the analysis to a planning level tool for detailed planning. But the 
modeling tools are now in place for use by the Authority. 

Conclusions and Recommendations 
Model scenarios were reconstructed using the verified Existing Conditions Model to 
simulate the STCP and LTCP for the current plan condition, a two-year storm. To better 
identify maximum conveyance capacity, a simulation was constructed and executed for a 
hypothetical extreme wet weather event to provide an indication of how the system 
operates under extreme conditions. A long-term hydraulic analysis, consisting of the typical 
year, was also performed for the STCP, Existing Conditions, and LTCP scenarios. The 
simulations can be used as a tool to calculate how the proposed STCP and LTCP 
improvements affect maximized conveyance, and overflow frequency and volume on a 
"typical year" basis to evaluate and implement LTCP alternatives, and make it consistent 
with permit-related issues and the federal CSO Control Policy. 

The 2-year design storm analysis indicated that improvements are being realized with 
implementation of the STCP and other actions including the construction of the Truman 
Tank. The Extreme Event analysis indicates that additional capacity is in the existing 
system that can be utilized to maximize conveyance. This event can be applied to other 
preliminary engineering analyses to calculate maximum system performance achieved with 
design alternatives. The Long-term Hydraulic Analysis now provides a tool to evaluate not 
only increased capture and treatment, and reduced overflow volumes, but also the 
frequency of events that are or will be occurring with LTCP implementation. 

The following is recommended: 

• Implement the modeling recommendations in the September 13, 2007 Model Performance 
Verification technical memorandum that will improve model accuracy and provide an 
even better planning tool for the Authority. 

• Further analyze and utilize the performance measures used in the 2-year design storm 
and Long-term Hydraulic Analysis as planning proceeds 

• Regularly update the hydraulic model to reflect CSO-related projects and programs to 
better realize their benefits and plan for future actions as the LTCP is implemented. 
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TECHNICAL MEMORANDUM - Taak H6 CH2MHILL 

Greater New Haven Water Pollution Control Authority 
Long Term Control Plan (L TCP) Simulation and 
Program Cost Update 

PREPARED FOR: 

PREPARED BY: 

DATE: 

Greater New Haven Water Pollution Control Authority (GNHWPCA) 

CH2M HILL 

May 5, 2008 

Introduction 
As a result of the Preliminary Engineering for Wet Weather Capacity Improvements and the 
Hydraulic Model Updates (CH2M HILL 2008), the design requirements of various projects 
and other recommendations outlined in the CSO LTCP (CH2M HILL 2001) have been 
further refined. The intent of the CSO LTCP as it was laid out in 2001 was to provide a 
conceptual framework for projects to abate New Haven's CSOs over the next 15 years. 111e 
LTCP included some short-term projects to provide immediate results while additional 
study was to take place to further refine the long-term i;omponents of the plan. The work 
referenced above includes additioncll study to further refine some aspects of the original 
L TCP. The additional study includes further analysis of maximizing flows through the 
collection system to the East Shore Water Pollution Abatement Facility (WPAF), additional 
sewer separation, and the reduction in size or elimination of various CSO storage tanks. 

This Technical Memorandum (TM), covers the following: 

• Summary of the Updated 2007 Existing Conditions Model and Results 
• Summary of the Updated LTCP Scenarios I and II Models, Results, and Costs 
• Conclusions and Recommendations 

Summary of the Updated 2007 Existing Conditions Model 
Hydraulic model updates for the 2007 Existing Conditions Model were prepared for the 
GNHWPCA by CH2M HILL and are documented in Tech11ical Memora11d11111 - Task 2, Wet 
Weather Capacity Improvements - Hydra11lic Model Update -Hydraulic Model Improvements, 
dated April, 2008 (Task 2 TM). 

The 2007 Existing Conditions model includes: 

• Short-term controls with minor modifications as noted in the Task 2 TM with the 
exception of the WP AF capacity improvements 

• On-going pump station improvements (Barnes, Quinnipiac) 

• Truman Tank 
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Although several tanks along E.T. Grasso Boulevard were included in the L TCP, tanks were 
not i11cluded as short-term projects. The initial concept of the LTCP was to maximize 
conveyance to the WPAF, correct sewer capacity deficiencies, and remove wet weather 
influences as possible, particularly from the separate sanitary towns north of the City, and 
further downsize storage needs. However, land became available near the overloaded 
Boulevard Interceptor. Due to pre-existing contamination in the Truman School's new 
parking area, a large hole would be dug to remove contaminated sediments. A mutually
beneficial agreement was reached to work with the school revitalization program to develop 
CSO storage beneath the school's new parking area. This school revitalization program had 
an immediate schedule; therefore, development of the Truman Tank began in 2002 and 
diverted attention and resources away from the originally-planned WPAF capacity 
improvements. The Truman Tank has provided and will continue to provide valuable data 
as a pilot program to any future storage programs in New Haven. 

Results of the 2007 Existing Conditions Model using the 2-year design storm are presented 
in Table 1. Results of the 2007 Existing Conditions Model using the 1967 annual 
precipitation record are presented in Table 2. 

Note: Alt'1011g/1 :>amt> precipitation erit>nts i11 the 1967 1111111111/ record may bt> dost! in so111e d111raclerislics of tlte 
'!.-year design storm, t/1e 2-yenr ifrsign storm is more severe and therefore pmduces /1igl1er indiPid1111l t•ve11t 
re~ult~. 

Summary of the Updated LTCP Scenarios I and II Models, 
Results and Costs 
LTCP Scenarios I ( L47 mgd) and II ( L87 mgd) were developed for the GNHWPCA by 
CH2M HILL in Tecf111irnl Me111ora11d11111 lA, Wet Weather Capacity l111prove111e11ts Project 
Defi11itio11 Tf\1l IA - Co/lectio11 System Hydraulic Modeli11g, dated April 8, 2008 (TM lAJ. 

L TCP Scenarios I and II can be described as follows: 

2007 Existing (147 mgd) (187 mgd) 
Performance Measure Conditions Scenario I Scenario II 

Maximum Flow, Boulevard (mgd) 33 44 48 

Maximum Flow, East St. (mgd) 29 51 48 

Maximum Flow, Union St. (mgd) 22 22 57 

WPAF Maximum Flow (mgd) 115 147 187 

WPAF Volume Treated (MG) 49 52 56 

% Volume Treated Improvement 6% 14% 

Additional details of the LTCP include those originally proposed in the April 2001 CSO Plan 
including complete sewer separation in Fair Haven are provided in Table 3. 

A summary of the model results using the 2-year design storm and the 1967 annual 
precipitation record are provided in Table 4 and Table 5, respectively. 
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Conclusions and Recommendations 
The 2007 Existing Conditions is the updated baseline for the City of New Haven Long-Term 
Control Plan. The next phase of the program includes maximizing conveyance and 
treatment at the existing East Shore Water Pollution Abatement Facility. This will include 
upgrades to the two significant pump stations: Boulevard and East Street Pump Stations. 
Two LTCP scenarios are under consideration: l) LTCP Scenario l (maximizing conveyance 
@ 147 mgd flow to the WPAF) and LTCP Scenario 2 (maximizing conveyance@ 187 mgd 
flow to the WPAF). Sewer system investigations also need to continue to reduce inflow and 
infiltration cost-effectively throughout New Haven and the GNHWPCA sewershed. 
Another component of the LTCP has been to reduce chronic sewer backups and street 
flooding where problems are still occurring under 2-year design storm conditions. The 
following presents conclusions and recommendations of this LTCP update. 

Conclusions 
• The short term controls implemented through 2007 provided more than a 20°/.> decrease 

in CSO discharges citywide for the 2-year design storm. 

• The 5 MC Tmrnan Tank reduced CSO discharges to the West River and New Haven 
Harbor for a 2-year storm. 

• Sewer separation projects reduced CSO discharges to the Mill River by about 27% for the 
2-year design storm. 

• t>ump station improvements and sewer separation projects reduced CSOs to the 
Quinnipiac River by .:ibout 25'Yo for the 2-year design storm. 

• The model results of the 2007 Existing Conditions under 1967 annual precipitation 
conditions emphasizes the diverse characterization of New Haven's CSOs, highlighting 
frequent and heavy overflow locations versus infrequent short duration overflow 
locations. 

• LTCP Scenario 1 provides about 28% CSO reduction over 2007 Existing Conditions and 
!4% CSO reduction over 1997 Existing Conditions, some along the Mill River, but 
mostly in New Haven Harbor at a revised cost of approximately $288 million. 

• L TCP Scenario 2 provides about 37% CSO reduction over 2007 Existing Conditions and 
over 50% CSO reduction over 1997 Existing Conditions, some again along the Mill River, 
but mostly in New Haven Harbor at a revised cost of approximately $298 million. 

• Refinements to the L TCP program in 2001 versus the L TCP program in 2008 include 
conveying increased flows to the plant and greater and more complete sewer separation, 
thus reducing the number of storage facilities needed at a comparable cost and 
upgrading critical components of existing conveyance and treatment infrastructure. [n 
addition, the structure and jurisdiction of the Authority has changed over this time and 
the Authority now has responsibility for the sewer system infrastructure of all the towns 
that contribute flows to the WPAF; therefore, inflow /infiltration reduction in the 
sanitary systems north of New Haven which have indicated wet weather influence are 
an additional element of the updated plan. 
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TAllL! 1 
CSO Volumes and Duration From 2·Year Storm Under DiHer1n Sewer Svs1em Conditions 

1997 Existing 
2001 Existing Conditions 

Location Condition• 

TeroetJExlsllni:1 Flows (MGO) to WPAF 115 Comments 

Vol.(MG) Vol.(MG) 
Duration 

CSO# (Hours) 

West River 
006 Whanev Ave. @ F~ch St. 4.6 5.1 6.5 
005 E.T. Grasso Blvd. @ Derby Ave. 5 4.8 6.5 basically unchanged 
004 ET. Grasso Blvd. @ Legion Ave. 6.1 6 1 8.0 no change 
003 E.T Grasso Blvd. @ Orange Ave. 4.3 3.1 5.8 Truman Tank Project reduces CSO at 003 and 002 
002 E.T. Grasso Blvd. @ Lamberton St. 1.1 closed and Incorporates closure of 002 

TOTAL 21 .1 19.1 

Buver Ponds 
008 Munson St. @ Orchard St 0.2 0.2 1.8 no change 

TOTAL 0.2 0.2 

Miii River 
013 Evert St. @ East Rock Rd. 0.8 0.1 1.3 Short-term control (sewer separation) implemented 
NA Crass coMectlon@ 013 0 closed - Short-term control Implemented 
012 Mrtchell Or . . east of N1eoll St. 2.7 1.5 4.3 Short·term control (sewer separation) Implemented 
NA Michell Pump Station 0 0.0 o.o 
010 East St @ 1-91 (2 weirs) (upweamJ 0.7 0.3 2.3 Short-term control (sewer separation) implemented 
010 East St . @ 1-91 (2 weirs) (downstream) 0.7 0.6 3.3 
01 1 Humptwey SI. @ 1-91 9.9 7.4 4.8 

Short-term control (sewer separation) implemented 
014 Trumbull St. @ Orange St. 0.9 1.0 2.3 
NA Humptvey Pump StallOn 0.1 0.0 0.0 
009 Grand Ave. @ James SI 2.8 2.5 4.8 Short-term control (sewer separation) implemented 
NA EasUlves 0.7 0.5 3.8 Short· term control implemented 

TOTAL 19.3 14 0 

Qulnnlalac River 
NA Barnes Pump Station 03 closed Pump station improvements implemented 
NA Ouinnipisc Pump StaliOn closed Pump station improvements implemented 

018 Lombard St. @ North Front St 1.7 closed Short-term control (sewer separation) lmglemented 
019 Pine St @North Front St 1.5 1.3 4.0 Short-term control (sewer separation) implemented 

020 Quinnipiac Ave. @ Clifton St. 0.2 0.6 8.0 Pump station projects affected flows 
016 Poplar St @ River St. 1.7 3.8 5.8 modifications in Fair Haven affected flows 
015 James SI Siphon 4.6 1.7 3.8 Short-term control imglemented 

TOTAL 10 7.5 

New Haven Harbor 
NA S. Frontage/Davenport 0.9 2.8 

unknown change; short term controls (sewer 
NA Partsea/Liberty 0.0 0.0 sepratlon)ITruman Tank may have reduced overflow 
NA Carlisle/Liberty 0.0 0.0 
021 East St. Pump StatiOn 5.4 5.0 5.5 Stlort-term control !sewer senaretionl implemented 
025 Union Pump Slallon 4.2 2 . ~ 3.3 Short-lerm conlrol (sewer separation) implemented 
NA George/Temple 1 0.9 2.3 
022 Allen Place closed Short-tetm control lmnlemented 
024 Boulevard Pump Statlan 

3.5 0.6 4.8 
Short-term control (sewer separation) Implemented & 

Truman Tani\ reduces CSO at 024 
NA Woodward Pump Station 0.1 0.1 2.5 no cha nae 

TOTAL 14.2 10.0 
QRAND TOTAL CMG 64.8 S0.7 

INCREMENTAL CSO REMOVED IMG 14.1 
NOTES: 
NA" Not Aootlcablo: no NPDES number assl11ned 
• = overflow not modeled; volume un~nown 
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TAlllE2 

CSO Volumtt, Evtnll, and Dur1tlon From 1967 Annu1I Prwclpltallon 

CSOVolume1 

CSO# Location 
(MG) for 2007 Total No. of 

Exlallng Ovarflowa 
Condition• 

WoatRlvtr 

006 Whalley Ave. @ Filch St. 27.0 17 

005 E.T. Grasso Blvd. @ Derby Ave. 22.0 37 

004 E.T. Grasso Blvd. @ Legion Ave. 65.3 40 

003 E.T. Grasso Blvd . @ Orange Ave. 12.5 28 

002· E.T. Grasso Blvd.@ Lamberton St. 10.4 0 

TOTAL 137.2 

Beaver Ponds 

008 Munson SI. @ Orchard SI. 0.0 o 
TOTAL 0 .0 

Miii River 

013 Everil SI. @ East Rock Rd. 0.4 1 

NA Cross connecLion @ 013 closed 0 

012 Mitchell Dr. , east ol Nicoll SI. 2.9 11 

NA Mitchell Pump Slalion 0 .0 o 
010 East St. @ 1·91 (2 weirs) (upstream} 0.7 2 

010 East St. @ 1-91 (2 weirs) (downarraam} 1.7 5 

011 Humphrll)' SI. @ 1-91 26.6 14 

014 Trumbull St @ Orange St 1.2 1 

NA Humphrey Pump Station 0 .0 0 

009 Grand Ave @James St. 8 .1 32 

NA EasUlves 1 3 B 

TOTAL 42 9 

Qulnnlplac River 

NA Bames Pump Station closed 0 

NA Qulnn1plac Pump Station c losed 0 

018 Lombard St @ North Fron! St. closed 0 

019 Pine St .@ NO<th Front St 2.4 8 

020 Quinnipiae Ave. @Clifton St. 1.4 8 

016 Poplar SI. @ River St, 20.4 38 

015 James SI. Siphon 4.1 6 
TOTAL 26.3 

N ew Haven Harbor 

NA S. Frontage/Davenport o.a 4 

NA Portsea/Liberty 0.0 0 

NA C&rl islellibertv Q.O 0 
021 Easl St. Pump Sta~on 35.1 44 
025 Union Pump Station 9 .0 6 
NA G"""'e/Temole 1.6 3 
022 Allen Place closed 0 
024 BQYlevard Pump Slatil)ll 1.9 30 
NA Woodward Pump Stalion 0.1 4 

TOTAL 48.5 
GRAND TOTAL (M G) 257.0 

NOTES: 
• " CSO 002 ws~ Oll8ll when the 2007 Existing CondlliOns Model was run lor the 1967 Annual Precipitation 

NA: Not Appllcable; no NPDES number assigned 

Duration of 
overflows 

(hours) 

50 

129 

235 

70 

0 

0 

2 
o 
17 

0 

4 

6 

50 

2 

0 

42 
g 

0 

0 

0 

12 

13 

105 

19 

7 

0 

Q 
76 
14 
5 
0 
12 
9 
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Tlllle 3 
New Haven CSO l TCP Scenario I and II (Updated May 2008) 

Year 2008 I Year 2008 
2· Year Storm Scenario 1 ( 147 Scenario 2 ( 187 

Location Impact Modeled Scenarios (.L TCP I and II) mQd) mQd) 

BOULEVARD SEWERSHED 

Ramsdell Eliminated street Increased 1,450 LF or 15· pipe and 250 LF of 1 o· pipe to 
flooding 30• along Ramsdell Street from Fountain Street to Whalley 

Avenue: Increased 225 LF of a· pipe to 15" along Fountain 
Street from Cooper Place to Ramdell Street. and increased 
450 LF of 12" pipe to 24" along Lowin Avenue midway 

$3,400,000 S3.400,000 between Judwin Avenue and Fountain Street plus along 
Fountain Street between Lowin Avenue and Ramsdell 
Street April 2001 L TCP construcUon cost estimate" 
$800,000 (Y11ar 2000 $). 

CS0006 CSO"'O MG. Constructed 6.1 MG storage tank. Added 8,600 LF of 
(Whalley/Fitch), reduced Slreet parallel sewer along Whalley Avenue from the City limits to 
Whalley/Blake Hooding Fitch Street (includes 6,565 LF of 30" diameter. 2,036 LF ol 

36" diameter. and 8 LF of 42" diameter pipe. 
Reconstrucled regulator. This option was selected for 

$39, 700.000 $39, 700,000 modeling and cost estimating purposes. but other 
alternatlves were noted in the April 2001 L TCP that warrant 
further investigation. April 2001 L TCP construction cost 
estimate= $15,800,000 (Year 2000 $). 

CSOOOB CS0=0.1 MG Recornrnended sewer system investigation to reduce 
(Munson/Orchard). overflow April 2001 L TCP cost estimate included roof 

Moreland/Goffe leader dlsconnectron. but there were concerns about 
implementation success rate; therefore. other options were 
to be pursued through sewer investigation, and no 

$4,700.000 S4.700,000 additional worl< was Included In the model. March 2008 test 
run indicated that complete sewer separation woutd 
eliminate CSO 008. April 2001 L TCP construction cost 
estimate"' $3, 100.000 (Year 2000 $). 

l:hapel Slreel Reduced ; 11.~e t lncre3sed t .ar.O u= of 12 P'PE! 10 2 I ilong Cnacel Street 
·1pstreJm of 00:1 floorling trorn Alden l\,enue to Y 31~ Av~nue Aoril !UIJ I l rCP 

)'~ _)1J1) r)l_'.n 
construction 1~cs t ~st1mate = )t;uo.uoo (Year 20t.:O Ji 

't! •l1~l rn 1l 

cso 005 CSO = •l MG Construcled 3 storage tanks totaling 13 MG. 
{ Bouleva1d1Derby I Recommended sewer system invesllgalion to reduce 

r.so 00.1 CSO ~oMG sediment buildup and overflow and to reduce ultimate 

! Boulevard1Le910n) storage requirements. April 2001 L TCP cost estimate also 
$59.200,000 $59.200.000 Included roof leader disconnection to reduce ultimate 

cso 003 CSO -0 MG storage requirements. but there were concerns about 

( Baulevard lOrange) Implementation success rate: therefore, roof leader 
dlsconneellon is not included In the model. April 2001 

cso 002 None CSO outfall has t>een closed. Apnl 2001 L TCP construcllo ~ 
( Blvd1Lambe11on) cost estimate included construction of 0,9 MG sto1age t3nk 

and roof leader disconnection; however. Truman rank 
$1.400,000 S1 .400,000 Project eliminated this ove rltow. Apnt 2001 L rep 

construction •:os t estimate= 54 300.000 (Year 2000 ·;). 

CSO 024 (Blvd Pum~ CSO=OMG April 2001 L TCP cost estimate Included construction ot a 
Station) 3.2 MG storage tank, minor pump station upgrades, and 

roof leader disconnection" $11,200,000 (Year 200 $). 
However, the Truman Tank Project slgnlllcanuy reduced 
this CSO. Revised L TCP recommendation Includes 

$14.600,000 $14,600,000 upgrading the pump station to maximize its pumping 
capacity from 34.6 MGD to 4 7.5 MGD and eliminating lhe 
need for roof leader disconnection or storage. 

Long Wharf Pump Eliminated streel Increased pump station maximum pumping rate from two 
Station noodlng (2) 350 gpm lo two (2) 1120 gpm 1n conjunction with 

increasing the 145 LF force main diameter from 6" to 10" 
$500,000 $500.000 April 2001 L TCP construction cast estimate = 5300,000 

(Year 2000 $}. 
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Table3 
New Haven CSO LTCP &enario I and II (Updated May 2008) 

Year 2008 Year 2008 
2-Year Storm Scenario 1 (147 Scenar io 2 ( 187 

Location Impact Modeled Scenarios (L TCP I and II) mQd) mad) 
EAST STREET 

CSO O 1 J and nearoy CSO= OMG Short-term controls significantly reduced overflow; 
cross-connection Jherefore. CSO outfall was recommended for closure. No 
(East Rock Road) further action needed. Apnl 200 I L TCP cost eslimate SU00 .000 '51.800.000 

Included roof leader disconnec11on = 31 200.000 (Y<lar 
2000 $). 

CS0012 CSO :0.8MG Short-term controls signlficanUy reduced overflow; 
(Mitchell/Nicoll) however, CSO" 1.5 MG remained . April 2001 L TCP cost 

~stimate included roof leader disconnection to reduce 
ultimate storage requirements, but there were concerns 
about Implementation success rate; lherelore, roof leader 
disconnection is not Included In the model. Negotiation with 
neighboring communities to the north to reduce wet s 11.900.000 $11 ,900.000 
weather impacts In their sanitary sewers were 
recommended to reduce ulllm11te storage requirements; 
storage was limited to 0. 7 MG. April 2001 L TCP cost 
estimate" $6,800,000 (Year 2000 SJ. 

CSO 1l l ll 1E•sl/l-'JI) cso = ru ~IG 
{upstream ) & ll ·1 
MG (downstream 

CS0011 CSO: 1.6 MG Constrvcted storage tank totaling 6 MG and increased 824 
(Humphreyll-91) LF al 18" pipe to 30" along State Strl'let from Grove Street 

to Trumbull Street. April 2001 L TCP cost estimate included 
roof leader disconnection to reduce ultimate storage 
requirements. but there were concerns about S54. 700.000 S54. 700,000 
implementation success rate: therefore, roof leader 
disconnection is not included 1n the model. Inflow reduction 
should eliminate CSO 010. April 2001 LTCP cost estimate 
" $6.800.000 (Year 2000 S). 

CSO!J1 \ CS0-0 MG 
( rrumbu lliOrange) 

EasVlves CSO CS0-0.1 MG April 2001 L TCP cost estimate included roof leader 
disconnection. but there were concerns about 
Implementation success rate; therefore, roof leader 
disconnection is not included in the model . Inflow reduction S1, 100,000 $1,100.000 
should eliminate the EasVlves CSO. April 2001 LTCP cost 
estimate" $800.000 (Year 2000 $). 

Humphrey Pump CSO,.OMG; Increased 530 LF of 18' pipe lo :30" along Mill River Street 
Station eliminated street and added an add itional 20 LF of Io· pipe lo 30 

flooding connecting this pipe to the pump station. Also increased 
the pumping capacity lrom 350 gpm to 1200 gpm 1n $t ' 100.000 $1 ,100,000 
conjunction with increasing the force main diameter from 6" 
to 24 ". April 200 I L TCP cost estimate = S600 .000 (Year 
2000 $) 

s. CSO = 0 7 MG Added 5,000 LF of 42" Dt force main from Union Street 
Fromage10avenport Pump Station to the twin 42" Harbor Crossing valve on the 

cso west shore. Added another 5,000 LF ol 36" DIP from East 

CSO 025 (Union CS0-0.2 MG Shore valve to WPAF. Increased 75 LF of 8" and 1 s· 

Pumo Station) parallel pipes to 24' pipes upstream ol lhe pump station. 
$21, 100,000 $30,800,000 

George/Temple CSO CS0-0.8 MG Also Increased pumping capacity from 22.2 MGD to 58.3 
MGO. The plan components have been revised since lhe 

Union/Columbus Eliminated street April 2001 L TCP cost estimate" $17.400,000 (Year 2000 

Avenues & Water Hooding $). 

Street 

CSO 021 (East CS0:0.2MG Increased pump capacity from 42.8 MGD to 51.8 MGD. 
Street Pump Station) April 2001 L TCP cost estimate also Included roof leader 

disconnection, 0.6 MG CSO storage tank, but there were 
concerns about Implementation success rate; therefore, 

$13,900,000 $13,900,000 roof leader disconnection is not included in the model. 
Inflow reduction should eliminate the CSO 021 . April 2001 
LTCP cost estimate= $5,500,000 (Year 2000 $). 
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Tlble3 
New Haven CSO LTCP Scena~o I and II (Updated May 2008) 

Year 2008 Yoar 2008 
2-Year Storm Scenario 1 (147 Scenar io 2 ( 187 

Location Impact Modeled Scenarios (L TCP I and II) m!ld) rngd ) 

EAST SHORE 

Barnes Pump Station CSO= OMG; 
Reduced Street Pump station improvement projects completed and 
flooding Incorporated Into 2007 Existing Conditions Model. CSO 

outfalls have been closed. April 2001 L TCP cost estimate ~ 
$3, 700,000 (Year 2000 $),but no further CSO action 

$200.000 S200,000 needed. 

Ouinnipiac Pump CSO-OMG; Increased 7,437 LF of sewer from 2.0 feel diameter to 3.5 
Station Reduced Street feet diameter along Qulnnlplac Avenue. Alam, I thought 

flooding this was part of the pump station improvements as was 
Included In Existing Conditions? $300,000 $300,000 

CSO 020 ( Quinnip r~c cso ~ I) MG 
A, e1Cli fton Street $100.000 SI00.000 

CSO()l ,l(N. CSO-OMG; 
f ront• Lomo1fdl Reduced Street 

flooding 

CS0019(N. CSO=O MG: Short-term controls/partial sewer separation significantly 
FronUPine) Reduced Street reduced CSOs. Complete sewer separation/roof leader 

flood Ing disconnection performed. CSO 018. 019, 016, 015, and 
009 have been closed. The plan components have been 
revised since the April 2001 L TCP cost estimate = 
$45, 100.000 (Year 2000 SJ. 

$55.000.000 S55,000.000 

r:so 016 None 
t Popla(IR1ver) 

CSO O t 5 (James St. CSO :<J MG: 
Siphon I Reduced Street 
cso QQ(l None 

1 JJmeS1Gr<1nd ) 

Murphy:Markel Pump CSO = 0 MG: Increased the force main lrom .. ! to Cl .'llam. the pumping 
Station Reduced Street was supposedly increased. too, from 160 to 245 gpm . April 

:i30U,UUU 3JOU OOU nooding 200t LTCP ·:ost cst1rn3te = 3200.000 (Year 2000 5) 

Morris Cove Minor street Pump station improvement project completed and 
flooding incorporaled into 2007 Exi sting Conditions Model which 

also included 1.234 LF of 18 diameter pipe increased to 
36" diameter pipe along Lighthouse Road and Morris )300.000 5300.000 
Causeway between lhe Cove Street and the Moms Street 
PS. April 2001 L TCP cost estimate= $2.800.000 (Year 
2000 S). 

Woodward Pump CSO =O 1 MG Sewer system investigations were to eliminate this CSO. 
Station April 2001 L TCP cost estimate included a 0. t MG tank If $100.000 3100.000 

needed = saoo.ooo (Year 2000 SJ. 

CSO 022 (Allen None CSO outfall has been closed 
$100.000 5100.000 

Place) 

TOTAL ' S288.400.000 $298. t 00.000 

- Costs represent construction cost escalated to mid point of construcUon. 
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TABLE4 
CSO Volumes a.nd DIJra!lon From 2-Year Stonn Under OH i erimi 

CSO# Location 

Target/Existing Flows (MGD) to WPAF 

West River 
006 Whalley A11e. @ Fitch St 

005 E.T, Grasso Bllld. @ Derby Ave. 

004 E.T. Grasso Blvd. @ Legion Ave. 

003 E.T. Grasso Blvd. @ Orange Ave. 

002 E.T, Grasso Bllld.@ Lamberton St. 

TOTAL 

Beaver Ponds 
006 Munson SI. @ Orchard St. 

TOTAL 

Miii River 
013 Everil St @ East Rock Rd. 

NA Cross connection@ 013 

012 Mitchell Dr .. east of Nicoll SI. 

NA Mitchell Pump Stiillon 

010 East SI.@ t-Q1 (2 weirs) (upstream) 

010 East SI . @ t-91 (2 weirs) (downstream) 

011 Humphrey St@ 1·91 

014 Trumbull St , @ Orange St. 

NA Humphrey Pump Station 

009 Grand Ave. @ James St. 

NA EasVlves 

TOTAL 
Quinniplac River 

NA Barnes Pump Sta11on 

NA Quinniplac Pump Station 

018 Lombard St. @ North Front St. 

019 Pine St. @ North Front St. 

020 Quinnipiac Ave. @ Clifton St. 

016 Poplar SI. @ River St. 

015 James St. SlphOn 

TOTAL 

New Haven Harbor 
NA S. Frontage/Davenport 

NA Portsea/Llberty 

NA Carlisle/Liberty 

021 East St. Pump Station 
025 Union Pump Statton 
NA GeorgefTempte 
022 Allen Place 
024 Boulevard Pump Statton 

NA Woodward Pump Station 
TOTAL 

GRAND TOTAL IMGI 
INCREMENTAL CSO REMOVED (MGl 

NOTES: 
NA = Not Applicable; no NPDES number assigned 
•-= overflow not modeled; volume unknown 

s s c ' lonsWl ewer )YS1em ondi1 tllaul SIOOIQB T anks 
1997 Existing 2007 Existing Long-Term Control Plan 

L TCP Scenario #2 
Conditions CondlUons (L TCP) Scenario #1 

115 147 187 

Vol.(MG) Vol.(MG) 
Dura lion 

Vol.(MG) 
Duration 

Vol.(MG) 
Duration 

{Hours) !Hours) I Hours\ 

4.6 5.1 6.5 6.1 5.8 6.1 5,8 

5 4.8 6.5 4 .6 6.5 4.6 6.5 
6. 1 6,1 8.0 5 .7 7.3 5.7 7.5 

4.3 3.1 5.8 3 ,0 5.5 3,0 5.5 

1.1 closed closed closed 

21.1 19,1 19.4 19.4 

0.2 02 1.8 0 .1 1.5 0.1 1.5 

0.2 0.2 0 .1 0.1 

o.a 0.1 1.3 closed closed 

0 closed closed closed 

2.7 1.5 4.3 1.6 43 1.5 4.5 

0 0,0 0.0 0.0 0.0 0 .0 0.0 

0 .1 0.3 2.3 0.4 2.5 0 .3 2.3 

0 .7 0.6 3.3 0 .7 3.5 0 .5 3.0 

9.9 7.4 4.8 7.6 4.8 6.9 43 

0.9 1.0 2,3 1.0 2.3 1.0 2.3 

0.1 0.0 0.0 0.0 0.0 0.0 1 3 

2.:3 2.5 4.8 closed closed 

0.7 0.5 3.8 1,0 40 0 1 1.6 

19.:J 14.0 12 3 10.4 

0 ., closed closed closed 

closed closed closed 

1.7 closed closed closed 

1.5 1.3 4,0 closed closed 

02 0.6 8.0 0 .0 00 0.0 0.0 

1 7 3.8 5.8 closecj closed 

4.6 1.7 3.8 closed closed 

10 7.5 0.0 0.0 

0.9 2.8 0.9 2.8 0 7 2.0 

0.0 0.0 closed closed 

0.0 0.0 closed closed 
5 . ..J 5.0 5.5 0.1 7,0 0.2 4.3 
4.2 2.5 3.3 2.5 33 0 .2 1,0 

1 0.9 2.3 0.9 23 0.8 2.3 
closed closed closed 

3.5 0.6 4.8 0.0 0,0 0.0 0.0 
0.1 0.1 2.5 0.1 2.5 0.1 2.S 

14,2 10.0 4.5 2.0 
84.8 50.7 36.4 32.0 

14.3 18.7 
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TABLE1967 
~SOV~umesl~G)~oin1~1~Under~ffe~ ~Se~w~e~rSy~1s~iiin~Co~nd~ltio~· ~m!-.. ___ _ _ __ ~.---~----~-~~~-~--,---~----------~-1 

2007 Existing Conditions Response Projecled L TCP I Conditions Response L TCP 11 Conditions Response 

CSOI Locallon 

WestRlwr 

_ 006 -:i Whalley !!!_e. ~~~-s~ 
--~ -- ET Gr.use- @Defby_A•e 

--~-- '·· ____ E.T. G~~Bl\ld. @ Legion A•!: __ 

~3 ____ ]. E.T.~~soBl~f,!IOrango_~e 
002 E.T. Gtasso BMl @ Lamberton St -- -- ... - - - ·- --- - -

TOTAL 

a.~verPonds - -· ~- - -

008 - --~'~_St.@Ordlald_St 

MIU River 

013 

NA 

012 

NA 

010 

010 

011 

014 

NA 

009 

NA 

~uln~lac River 
NA 

NA 

018 

019 

020 

016 

015 

New Haven Hartlor 

NA 

NA 

W. 
021 

- CJ.25 
NA 
022 
024 
NA 

TOTAL 

__ Ewril St. @ Ea$l R~ Rd 

_ c~ ccnnection@ 013 

~Dr. ·-~•Id NICOii St 

Milchell~~~ 

_Easl SI @l-9~£.~ll's) (up~) . 

East Sl G 1-91 (2 weira) (dawMtream) 
-~ - --- --

- __ Hump~!~~ 1-91 

_Trumbull~ ~_?ang• ~:_- _ 
Humplv'ey ~mp S~lion

Gni"'! Ave. ~:!__~ Sl _ 

Eastnves 

TOTAL 

ymes~~ll~ 

Ouooipiac Pum..£_~~n 

Lcmba~@ North fl'l>!lt St 

.. Pl~ St~ N~ F"?"~I. 
Outinipiac Ave. ~Oilton St. 

_P~ SI @ River SI 

Jw~as St_ Sip~n 

TOTAL 

s. ~lage/Oave~ 
Potlteallibell)' 

_ _f~~ieUieny_ 
East Sl Pump Slation 
U..00-~swion 
_G~rge(T-

Allen Place 
~vM! Pump Staoon 

WoodWard ~ Slalian 
TOTAL 

GRAND TOTAL CMG 
INCREMENTAL CSO REMOVED (MG) 

NOTES 
NA--; Not Applicable; no NPD~~_!!'ITlber assigned 

Volumes (MGJ 

27.0 

~-
65.3 

12.5 

10.4 

137.2 

0.0 

0.0 

0.4 

closed 

2.9 

0.0 

0.7 

1.7 

26.6 

1.2 

0.0 

8.1 

1.J 

42.9 

closed 

Closed 

closed 

2.4 

1.4 

20.4 

4.1 

28.3 

08 

00 
0.0 
35.1 
9.0 
1.6 

closed 
1 9 
0.1 

48.5 
257.0 

Total No. of 
Overflows 

27 

39 

44 

28 

139 

0 
0 

8 
0 
1 

5 

15 
1 

0 

27 

7 

65 

6 

45 

9 

67 

4 

0 
0 
23 
6 
3 

0 
3 

39 

Duration of 
Overflows (in hrs) 

82 

196 

282 

98 

0 

0 

24 

0 

10 

55 

1 

0 

66 

15 

19 

20 

157 

24 

9 

0 
0 

95 
17 
7 

0 
3 

Volumes (MG) 

5.6 

24.1 

72 .7 

13.9 

closed 

116.2 

0.0 

0.0 

Closeo 

Closed 

2.7 

0.0 

0.7 

1. 1 

17.2 

1.2 

0.0 

closed 

0.4 

23.3 

closed 

CIOSed 

closed 

closed 

0.2 
closed 

cJosed 

0.2 

00 

closed 

closed 
1.5 
9.0 
1.6 

closed 
1.9 
0.1 

14.2 
153.9 
103.1 

Total No. of ' 
Overflows 

31 

45 

51 
33 

0 

9 

0 

15 

1 

0 

28 

0 

0 

0 

1 
6 
2 

0 
3 
12 

Dul'lltion of 
Overflows (ln hrs) 

VolumH(MG) 

104 

221 

320 
109 

0 

_2,3 
0 

3 

42 

0 
0 

0 

0 

1 
f7 
5 

0 
3 

·-· -

5.0 

21 .5_ 

64.7 
12.4 

dosed 

103.5 

0.0 ----
0.0 

ciosed 

closed 

2.7 

0.0 

0.7 

1.1 

17.2 

1.2 

0.0 

dosed 

0.4 

23.3 

closed 

closed 

cJosed 

cioSed 

0.2 

Closed 

closed 

0.2 

0.0 

closed 

closed 
1.3 
00 
1,5 
~ 

1,9 
0.1 
4.9 

131.9 
125.0 

I 

Total No. ol 
Overflows 

28 

40 

45 
• 29 

142 

o_ 
0 

9 

0 

_1 __ 

£. 
J.5 
.!_ 
0 

0 

28 

0 

0 

0 

I 
0 
2 

0 
3 
6 

I 

Ou111tion of 
Overflows (In hrs) 

--
93 ----
197 

285 --
97 -- - --

0 

23 
_ o __ 

__ _!_ 

_ 3 _ 
__ 4_2 __ ,_ 

0 

0 

0 

0 

1 
0 
5 

0 
3 


